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FOREWORD

This toxicological profile is prepared in accordance with guidelines developed by the Agency for Toxic
Substances and Disecase Registry (ATSDR) and the Environmental Protection Agency (EPA). The
original guidelines were published in the Federal Register on April 17, 1987. Each profile will be revised
and republished as necessary.

The ATSDR toxicological profile succinctly characterizes the toxicologic and adverse health effects
information for these toxic substances described therein. Each peer-reviewed profile identifies and
reviews the key literature that describes a substance's toxicologic properties. Other pertinent literature is
also presented, but is described in less detail than the key studies. The profile is not intended to be an
exhaustive document; however, more comprehensive sources of specialty information are referenced.

The focus of the profiles is on health and toxicologic information; therefore, each toxicological profile
begins with a relevance to public health discussion which would allow a public health professional to
make a real-time determination of whether the presence of a particular substance in the environment
poses a potential threat to human health. The adequacy of information to determing a substance's health
effects is described in a health effects summary. Data needs that are of significance to the protection of
public health are identified by ATSDR and EPA.

Each profile includes the following:
(A) The examination, summary, and interpretation of available toxicologic information and
epidemiologic evaluations on a toxic substance to ascertain the levels of significant human
exposure for the substance and the associated acute, intermediate, and chronic health effects;

(B) A determination of whether adequate information on the health effects of each substance is
available or in the process of development to determine the levels of exposure that present a
significant risk to human health due to acute, intermediate, and chronic duration exposures;
and

(C) Where appropriate, identification of toxicologic testing needed to identify the types or levels
of exposure that may present significant risk of adverse health effects in humans.

The principal audiences for the toxicological profiles are health professionals at the Federal, State, and
local levels; interested private sector organizations and groups; and members of the public. ATSDR plans
to revise these documents in response to public comments and as additional data become available.
Therefore, we encourage comments that will make the toxicological profile series of the greatest use.

Electronic comments may be submitted via: www.regulations.gov. Follow the on-line instructions for
submitting comments.

Written comments may also be sent to:  Agency for Toxic Substances and Discase Registry
Division of Toxicology and Human Health Sciences
Environmental Toxicology Branch

Regular Mailing Address: Physical Mailing Address:
1600 Clifton Road, N E. 4770 Buford Highway
Mail Stop F-57 Building 102, 1* floor, MS F-57
Atlanta, Georgia 30329-4027 Chamblee, Georgia 30341
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The toxicological profiles are developed under the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980, as amended (CERCLA or Superfund). CERCLA section
104(1)(1) directs the Administrator of ATSDR to .. effectuate and implement the health related
authorities™ of the statute. This includes the preparation of toxicological profiles for hazardous
substances most commonly found at facilities on the CERCLA National Priorities List (NPL) and that
pose the most significant potential threat to human health, as determined by ATSDR and the EPA.
Section 104(1)(3) of CERCLA, as amended, directs the Administrator of ATSDR to prepare a
toxicological profile for each substance on the list. In addition, ATSDR has the authority to prepare
toxicological profiles for substances not found at sites on the NPL, in an effort to “.. establish and
maintain inventory of literature, research, and studies on the health effects of toxic substances™ under
CERCLA Section 104(1)(1)(B), to respond to requests for consultation under section 104(i)(4), and as
otherwise necessary to support the site-specific response actions conducted by ATSDR.

This profile reflects ATSDR s assessment of all relevant toxicologic testing and information that has been
peer-reviewed. Staffs of the Centers for Disease Control and Prevention and other Federal scientists have
also reviewed the profile. In addition, this profile has been peer-reviewed by a nongovernmental panel
and is being made available for public review. Final responsibility for the contents and views expressed
n this toxicological profile resides with ATSDR.

Patrick N. Breysse, Ph.D ., CIH
Director, National Center for Environmental Health and
Agency for Toxic Substances and Disease Registry
Centers for Disease Control and Prevention
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CHAPTER 1. RELEVANCE TO PUBLIC HEALTH

1.1 OVERVIEW AND U.S. EXPOSURES

Glyphosate is a phosphonoglvcine non-selective herbicide, first registered for use by the EPA in 1974,
Glyphosate is typically manufactured for commercial use as a salt available in soluble liquid and soluble
granule formulations. Herbicide formulations employing glyphosate salts are commonly produced in
combination with additives, inert ingredients, and surfactants. The salt derivatives enhance absorption of
glyphosate from the surface of the plant or leaf structure, but are not the herbicidally active portion of the
compound. Specific formulations vary in composition and are marketed under numerous trade names
(PAN 2009). Commercial products containing glyphosate may have concentrations ranging from 0.96 to
94 w/w%. For example, the common herbicide, Roundup, has product formulations containing

glyphosate concentrations ranging from 0.96 to 62.0 w/w% (IPCS 1994).

The manufacture and use of glyphosate as a broad spectrum contact herbicide applied to a wide variety of
fruits, vegetables, grains, and agricultural crops has led to its direct release into the environment (EPA
1993). Glyphosate is produced commercially in the United States as a technical-grade substance with a
purity of >95% (McBean 2011). In 2007, U.S. agricultural use of glyphosate was approximately

82,800 tons and non-agricultural use of glvphosate was 9,300 tons (Battaglin et al. 2014). Once
glyphosate enters the environment, it has low potential for environmental persistence and is unlikely to
bioaccumulate; the chemical is either degraded by microbial processes or inactivated by adsorption to soil
(Smith and Ochme 1992). Glyphosate is expected to adsorb to soils under most environmental
conditions; therefore, leaching into groundwater is minimal. Glyphosate may enter surface waters due to
its limited use in some aquatic environments. Volatilization of glyphosate is not an important fate process
based on its low vapor pressure and ionic nature. Transport in the air after spray applications is
dependent on meteorological conditions; ground and aerial applications can result in spray drift, which

may affect non-target plants (PAN 2009; Yates et al. 1978).

The general population may be exposed to glyphosate by dermal contact with consumer products, crops,
foliage, or soils containing residues of this chemical; ingestion of plants, crops, foods, or waters
containing residues of this chemical; and inhalation of mist or spray during the use of products containing
this chemical. The greatest potential for exposure can be expected for populations residing near
agricultural areas and crop farms, manufacturing and processing plants where glyphosate is produced or
used, and hazardous waste disposal sites containing glyphosate; these populations may be exposed to

higher than average environmental concentrations of glvphosate.
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1. RELEVANCE TO PUBLIC HEALTH

Occupational exposure of glyphosate may occur via dermal contact or inhalation during manufacture,
transport, and disposal. Occupational exposure may occur via dermal and ocular routes from accidental
splashes during mixing operations, loading of products, and application of herbicides containing
glyphosate. Farmers and home gardeners using herbicides containing glyphosate may be exposed to
glvphosate via dermal contact and inhalation. Dermal contact appears to be the major route of exposure

to glyphosate for workers involved in its application.

Children are expected to be exposed to glyphosate by the same routes as adults in the general population.
Due to increased hand-to-mouth activity and playing habits, children are more likely to come into contact
with glyphosate residues that may be present in soil. No data were located regarding glyphosate
concentrations in breast milk; therefore, no determination on the importance of this route for child
exposure has been made. In one small study, neither glyphosate nor its major degradation product,
aminomethylphosphonic acid (AMPA), were detected in the maternal or fetal cord serum of pregnant
subjects (Aris and LeBlanc 2011). Although the results of this study indicate that in utero exposure to
glyphosate may not be of particular concern to human health, additional data are needed for more fully

assess the potential hazard of in ufero exposure to glyphosate.

See Chapter 5 for more detailed information regarding concentrations of glvphosate in environmental

media.

1.2 SUMMARY OF HEALTH EFFECTS

Information regarding the toxicity of glyphosate comes primarily from oral studies in laboratory animals
exposed to glyphosate technical. No information was located regarding health effects in humans exposed
to glyphosate technical; human exposures are to herbicides that contain glyphosate and other ingredients.
A few animal studies evaluated the effects of oral dosing with glyphosate formulations containing
surfactant and additional unspecified substances. Reported effects may be due, at least in part, to the
surfactant. Therefore, Figure 1-1 contains summary information related only to glyphosate technical. As
illustrated in Figure 1-1, gastrointestinal disturbance appears to be the most sensitive noncancer effect of
glyphosate technical toxicity. Ocular, hepatic, renal, and body weight effects were observed at repeated-
oral doses >940 mg/kg/day. Developmental effects were observed at dose levels resulting in maternal

toxicity as well.
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1. RELEVANCE TO PUBLIC HEALTH

Figure 1-1. Noncancer Health Effects Found in Animals Following Oral Exposure
to Glyphosate Technical
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1. RELEVANCE TO PUBLIC HEALTH

Gastrointestinal Effects. Gastrointestinal symptoms are commonly reported in case reports of patients
ingesting glyphosate products. Soft stool and/or diarrhea were reported in pregnant rabbits gavaged with
glyphosate technical during gestation days (GDs) 6-27 (EPA 1992f) and rats administered glyphosate
technical in the diet for 2 generations (EPA 1992a). Inflammation of gastric mucosa was observed in

female rats orally exposed to glvphosate technical for 2 years (EPA 1991a, 1991b).

Body Weight Effects. Depressed body weight was observed during intermediate- and chronic-duration
oral exposure of laboratory animals to glyphosate technical at doses >1,183 mg/kg/day (EPA 1985a,
1991a, 1991b, 1992a).

Hepatic Effects. Increased liver weight and increased serum markers of liver effects (alkaline
phosphatase [AP], alanine aminotransferase [ALT], and/or bile acids) were observed in rats administered
glyphosate technical for 13 weeks at >1,678 mg/kg/day (NTP 1992). Centrilobular hepatocellular
necrosis was observed in livers from male mice administered glyphosate technical for 2 years at an

estimated dose of 4,945 mg/kg/day (EPA 1985a).

Renal Effects. Increased specific gravity of urine and decreased urinary pH were noted among male rats
administered glyphosate technical for 2 years at 940 mg/kg/day (EPA 1991a, 1991b). Female mice
administered glyphosate technical for 2 years at 6,069 mg/kg/day exhibited significantly increased
incidence of renal proximal tubule epithelial basophilia and hypertrophy (EPA 1985a).

Ocular Effects. In a report of human case series of 1,513 ocular exposures to glyphosate, minor
svmptoms {primarily transient irritation) were observed in 70% of the cases; most (99%) complained of
eve pain (Acquavella et al. 1999). Lens abnormalities were observed in male rats administered

glyphosate technical for 2 years at 940 mg/kg/day (EPA 1991a, 1991b).

Developmental Effects. Several epidemiology studies reported associations between maternal
preconception exposure to glyphosate and increased risk of spontancous abortion (Arbuckle et al. 2001)
and glyphosate exposure and parent-reported attention deficit disorder/attention deficit hyperactivity
disorder (Garry et al. 2002). Depressed weight and increased incidence of unossified sternebrae were
observed in GD 20 fetuses from rat dams treated with glyphosate technical by gavage at 3,500 mg/kg/day
during GDs 6-19 (EPA 1992¢). In a study of rats exposed via the diet for 2 generations, up to 14-20%
depressed pup body weight and/or body weight gain at an estimated glyphosate technical dose of
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1. RELEVANCE TO PUBLIC HEALTH

3,134 mg/kg/day (EPA 1992a). In another 2-generation oral rat study, an estimated glyphosate technical
dose of 1,234 mg/kg/day resulted in delayed preputial separation (EPA 2013a).

Cancer Effects. The carcinogenic potential of glyphosate has been evaluated in a number of case-control
and cchort epidemiology studics. Most of the studies used self-reported ever/never glyphosate use as the
biomarker of exposure, and subjects were likely exposed to other pesticides as well. Most studies found
no significant associations between glyphosate and various cancer types. A few studies reported a
significant association between self-reported glyphosate use and risk of non-Hodgkin’s lvmphoma; other
studies found no significant association. The carcinogenic potential of glyphosate has also been evaluated
in a number of unpublished animal studies. The U.S. Environmental Protection Agency (EPA) provided
ATSDR with reviews and/or Data Evaluation Records (DERs) for two rat studies (EPA 1991a, 1991b,
1992d) and one mouse study (EPA 1983a, 1985b, 1986b, 1993, 2015a, 2016b). There was no evidence of
carcinogenicity in the rat studies. There was no clear evidence of carcinogenicity in the mouse study,
although 3 of 50 male mice ingesting glyphosate at an extremely high dose (nearly 5,000 mg/kg/day)

exhibited rare kidney tumors compared to only 1 of 49 control males (statistically nonsignificant).

In a recent evaluation of the carcinogenic potential of glyphosate, EPA’s Office of Pesticide Programs
(EPA 2016a) considered the weight-of-evidence from human and animal data to support a classification
of “not likely to be carcinogenic to humans” at doses relevant to human health risk assessment. The
International Agency for Rescarch on Cancer (IARC 20135, 2016) has classified glyphosate as Group 2ZA
(probably carcinogenic to humans), based on conclusions that there is “/imifed evidence™ in humans and
“sufficient evidence” in animals. The Joint Food and Agriculture Organization (FAQO)/World Health
Organization (WHOQO) Meeting on Pesticide Residues (JMPR), another subdivision of WHO, concluded
that glyphosate was unlikely to pose a carcinogenic risk to humans from exposure through the diet (FAO
and WHO 2016). The European Food Safety Authority (EFSA) determined that glyphosate was unlikely
to pose a carcinogenic hazard to humans (EFSA 2015). The U.S. Department of Health and Human

Services Report on Carcinogens (14" edition) does not include an evaluation of glyphosate (NTP 2016).

1.3 MINIMAL RISK LEVELS (MRLs)

A minimal risk level (MRL) is defined as an estimate of daily human exposure to a substance that is
likely to be without an appreciable risk of adverse effects (noncarcinogenic) over a specified
duration of exposure. MRLs are derived when reliable and sufficient data exist to identify the

target organ(s) of effect or the most sensitive health effect(s) for a specific duration within a given
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1. RELEVANCE TO PUBLIC HEALTH

route of exposure. MRLs are based on noncancerous health effects only; carcinogenic effects are
not considered. MRLs can be derived for acute-, intermediate-, and chronic-duration exposures for
inhalation and oral routes. Appropriate methodology does not exist to develop MRLs for dermal

exposure.

Animal studies submitted to EPA’s Office of Pesticides Programs to fulfill requirements for the
registration of a particular glyphosate formulation for use in the U.S. involve exposure to glyphosate
technical (typically < 90% purity). Some animal studies in the open literature used glyphosate
formulations that typically included 1-41% glvphosate technical (or glyphosate salts) and up to 18%
surfactant (along with other “inert” ingredients). Surfactants in glyphosate formulations are at least partly
responsible for the toxic effects from overexposure to glyphosate formulations (Adam et al. 1997; Sawada
et al. 1988; Williams et al. 2000). The general population will not be exposed to glyphosate technical, but
rather to glyphosate formulations registered for use. MRLs based on animal exposure to glyphosate
technical would not adequately reflect human exposure to glyphosate formulations. Therefore, no MRLs
were derived for glvphosate technical. No MRLs were derived for glyphosate formulations due to the
wide variation in glyphosate content and surfactants used in various glvphosate formulations and the fact

that surfactants contribute to the toxicity of glyphosate formulations.

As illustrated in Figure 1-2, gastrointestinal disturbance appears to be the most sensitive effect of

glyphosate technical toxicity.
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1. RELEVANCE TO PUBLIC HEALTH

Figure 1-2. Summary of Sensitive Targets of Glyphosate Technical — Oral

The gastrointestinal tract is the most sensitive target of ingested glyphosate technical.
Numbers in circles are the lowest LOAELs (mg/kg/day) for all health effects in animals; no
reliable dose-response data were available for humans.
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CHAPTER 2. HEALTH EFFECTS

2.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists,
and other interested individuals and groups with an overall perspective on the toxicology of
glyphosate. It contains descriptions and evaluations of toxicological studies and epidemiological
investigations and provides conclusions, where possible, on the relevance of toxicity and

toxicokinetic data to public health.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

To help public health professionals and others address the needs of persons living or working near
hazardous waste sites, the information in this section is organized by health effect. These data are
discussed in terms of route of exposure (inhalation, oral, and dermal) and three exposure periods:

acute (<14 days), intermediate (15364 days), and chronic (3365 days).

As discussed in Appendix B, a literature search was conducted to identify relevant studies examining
health effect endpoints. Figure 2-1 provides an overview of the database of studies in humans or
experimental animals included in this chapter of the profile. These studies evaluate the potential
health effects associated with inhalation, oral, or dermal exposure to glyphosate, but may not be

inclusive of the entire body of literature.

Animal oral study information for glyphosate technical is presented in Table 2-1 and Figure 2-3.
Animal oral study infermation for glyphosate formulations is presented in Table 2-2 and

Figure 2-4. Animal dermal study information for glyphosate technical is presented in Table 2-3.

Levels of significant exposure (LSEs) for each route and duration are presented in tables and
illustrated in figures. LSE tables and figures for animal inhalation studies of glyphosate technical
and glyphosate formulations are precluded by lack of publicly-available data. The points in the
figures showing no-observed-adverse-effect levels (NOAELs) or lowest-observed-adverse-effect
levels (LOAELSs) reflect the actual doses (levels of exposure) used in the studies. LOAELSs have
been classified into "'less serious" or "'serious' effects. "Serious' effects are those that evoke failure
in a biological system and can lead to morbidity or mortality (e.g., acute respiratory distress or

death). "Less serious' effects are those that are not expected to cause significant dysfunction or
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2. HEALTH EFFECTS

death, or those whose significance to the organism is not entirely clear. ATSDR acknowledges that
a considerable amount of judgment may be required in establishing whether an endpoint should be
classified as a NOAEL, "less serious' LOAEL, or "serious'" LOAEL, and that in some cases, there
will be insufficient data to decide whether the effect is indicative of significant dysfunction.
However, the Agency has established guidelines and policies that are used to classify these
endpoints. ATSDR believes that there is sufficient merit in this approach te warrant an attempt at
distinguishing between "'less serious'' and "'serious' effects. The distinction between ''less serious"
effects and "'serious’’ effects is considered to be important because it helps the users of the profiles
to identify levels of exposure at which major health effects start to appear. LOAELs or NOAELSs
should also help in determining whether or not the effects vary with dose and/or duration, and

place into perspective the possible significance of these effects to human health.

A User's Guide has been provided at the end of this profile (see Appendix C). This guide should aid
in the interpretation of the tables and figures for LSEs and MRLs.

Roundup (containing glyphosate as the active ingredient) is the most widely used herbicide worldwide in
both agricultural and residential applications. Glyphosate technical (purity tvpically >95%) has been
evaluated in numerous animal studies, most of which employed the oral exposure route and were
submitted to EPA’s Office of Pesticide Programs through the pesticide registration program as directed by
the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), Federal Food, Drug and Cosmetic Act
(FFDCA), and Food Quality Protection Act (FQPA). The submitted studies are generally unpublished
proprictary studies not available to the public. EPA evaluated submitted study reports and produced
summaries termed Data Evaluation Records or Data Evaluation Reports (DERs) that include EPA’s own
conclusions regarding study design, results, and conclusions of the study authors. Information from
DERs received from EPA and cleared for release to the public is summarized in this ATSDR
Toxicological Profile for Glyphosate. Results from unpublished studies and/or EPA summaries that have
not presently been cleared for release to the public are not summarized in this Toxicological Profile.
Some unpublished or proprietary animal studies of glvphosate were submitted by various chemical
companies to agencies or organizations outside the United States for product registration purposes.
EPA’s Office of Pesticide Programs evaluated some of these unpublished or proprietary studies and
released “Abbreviated Data Evaluation Records™ that included limited study details (¢.g., EPA 2016b).
ATSDR e¢lected not to include the abbreviated DER information in this Toxicological Profile because the
unpublished studies were not available to ATSDR for independent review and EPA’s abbreviated DERs

were considered too limited in study details.
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2. HEALTH EFFECTS

This ATSDR Toxicological Profile for Glyphosate includes publicly-available data for glyphosate
technical (purity typically >95%) and glyphosate formulations (typically 1-41% glyphosate technical or
glyphosate salts and <18% polvoxyethyleneamine surfactant). Surfactants in glyphosate formulations are
at least partly responsible for the toxic effects from overexposure to glvphosate formulations (Adam et al.

1997; Sawada et al. 1988; Williams et al. 2000).

Epidemiological studies of glyphosate are predominantly case-control and cohort epidemiology studies
that examined possible associations between exposure to glvphosate (in glyphosate-containing herbicides)
and selected health outcomes (noncancer and cancer endpoints), or case reports following accidental or
intentional ingestion of glyphosate-containing products. These epidemiology studies are summarized in
Table 2-4 (noncancer) and Table 2-5 (cancer). The majority of the studies used self-reported (or proxy
reported) ever/never glyphosate use as the biomarker of exposure and some studies included a metric for
frequency of exposure. There is no information regarding health effects in humans exposed to glvphosate

technical.

Most reliable health effects data come from oral studies of animals administered glyphosate technical (see
Figure 2-1 for an overview of the number of animal studies examining potential endpoints of concemn
from oral exposure to glyphosate technical). No publicly-available information was located regarding the
effects of inhaled glyphosate or glyphosate-containing products. Limited animal data for dermal exposure
to glyphosate technical indicate that glyphosate is not a dermal irritant. Results from the oral animal

studies identify the following targets of glyphosate toxicity, albeit at relatively high dose levels:

e Gastrointestinal effects: Clinical signs and/or pathological evidence of glyphosate-induced
irritation were observed in several animal studies; the lowest dose level resulting in
gastrointestinal effects was 350 mg/kg/day. Gastrointestinal disturbances are signs and/or
symptoms following ingestion of large amounts of glyphosate-containing products.

e Developmental effects: Glyphosate treatment-related developmental effects were noted in a few
studies at dose levels (1,234 mg/kg/day) resulting in maternal toxicity as well.

e Body weight effects: Depressed body weight and/or body weight gain resulted from repeated
dosing of glyphosate technical at dose levels >1,183 mg/kg/day.

¢ Hepatic effects: Increases in liver weight and serum ALT activity were observed in one
repeated-dose study at a dose level of 1,678 mg/kg/day.

¢ Qcular effects: Lens abnormalities were observed in one repeated-dose study at a dose level of
940 mg/kg/day.
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2. HEALTH EFFECTS

Renal effects: Indicators of renal toxicity were noted in rats and mice administered glyphosate
technical in the diet for 2 years at high doses (940 and 6,069 mg/kg/day, respectively).

Other effects: Neurological, hematological, immunological, and reproductive endpoints have
been evaluated, but do not appear to be particular targets of glyphosate toxicity.

Cancer: Glyphosate is presently being re-evaluated for potential to cause cancer.

An overview of the number of human and animal studies examining potential endpoints of concern from
exposure to glyphosate formulations is presented in Figure 2-2. Results from available animal studies

identify the following targets of toxicity:

Developmental effects: Histopathologic testicular lesions, decreased sperm production, and
increased incidence of fetal skeletal malformations were reported in response to oral dosing of rat
weanlings or pregnant rats with selected glyphosate formulations in the range of 5~

500 mg/kg/day.

Endocrine effects: Decreased serum testosterone was noted in male rat weanlings administered
a glyphosate formulation orally at 5 mg/ke/day.

Body weight effects: Seriously depressed body weight gain resulted was observed in mice
administered a glyphosate formulation orally at 50 mg/kg/day.

Renal effects: Histopathologic kidney lesions were noted in male rats gavaged once with a
glyphosate formulation at 250 mg/kg.

Hepatic effects: Increased serum liver enzyme activity and histopathologic liver lesions were
reported in male rats repeatedly gavaged with a glvphosate formulation at 487 mg/kg/day.

Hematological effects: Decreases in red blood cells, hematocrit, and hemoglobin, and increases
in mean corpuscular volume and neutrophils were reported in mice administered a glyphosate
formulation orally at 500 mg/kg/day.

Reproductive effects: Increased percentage of morphologically abnormal sperm was reported

among rats receiving a glyphosate formulation from the drinking water for 8 days at
640 mg/kg/day.
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Figure 2-1. Overview of the Number of Animal Studies Examining Glyphosate Technical Health Effects*

1
2
3 Most studies examined the potential body weight, gastrointestinal, hematological, hepatic, and developmental effects of
4 glyphosate technical
3
Body weig urg Roube
Hemalrdogoal |
Bluseabosielste)
7
8

9 *Includes only publicly available animal studies that employed oral exposure to glyphosate technical as discussed in Chapter 2. A total of 17 studies include those
10 finding no effect. Most studies examined multiple endpoints.

11
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2. HEALTH EFFECTS

Figure 2-2. Overview of the Number of Studies Examining Glyphosate Formulations Health Effects*

Most studies examined the potential body weight, respiratory, dermal, developmental and cancer effects of glyphosate
technical
More studies evaluated health effects in humans than animals (counts represent studies examining endpoint)
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*A total of 30 studies include those finding no effect. Many studies examined multiple endpoints. Exposure to humans was assumed to be by inhalation.
Exposure duration information was not available for humans. Therefore, exposure duration is plotted only for animal studies.
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Table 2-1. Levels of Significant Exposure to Glyphosate Technical — Oral

Less
Species serious Serious
Figure (strain) Exposure  Doses Parameters NOAEL LOAEL LOAEL

key® No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effect
ACUTE EXPOSURE
1 Rat Once 0, 3,000 CS, GN, Gastro 3,000 Diarrhea in 2/8 rats for 6 hours
(Wistar) (G) HP, LE, OW postdosing, resolving by sacrifice at
8 M 24 hours
Adam et al. 1997 — Glyphosate technical, purity not specified
2 Rat Once 3,160, CS, GN, Death 4,320 LDso
(Sprague- (GW) 3,980, LE
Dawley) 5,010,
5 (mixed) 6,310
EPA 1992b - Glyphosate technical, purity not specified
3 Rat GDs 6-19 0, 300, BwW, CS, Death 3,500 6/25 Dams died
(Sprague- 1 x/d 1,000, DX, FX, GN, Bd wit 1,000 3,500 28.5% depressed mean body
Dawley) (GW) 3,500 LE, MX, TG weight
25F Gastro 1,000 3,500 Diarrhea, soft stools
Develop 1,000 3,500 9% depressed mean fetal body
weight, increased incidence of
unossified sternebrae at serious
maternally-toxic dose level
EPA 1992e — Glyphosate technical, purity 98.7%
4 Rat (Alpk: Once 0, 500, BW, CS, FI, Neuro 2,000
AP{SD) (GW) 1,000, GN, HP, LE,
10M,10F 2,000 OF, OW

EPA 2013c¢ - Glyphosate technical, purity 95.6%
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Table 2-1. Levels of Significant Exposure to Glyphosate Technical — Oral

Less
Species serious Serious
Figure (strain) Exposure  Doses Parameters NOAEL LOAEL LOAEL
key® No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effect
INTERMEDIATE EXPOSURE
5 Rat 2-Generation FO M: O, NS Bd Wit 754 M 2,219 M Up to 12% depressed mean body
(Sprague- study, upto 137, 754, weight gain
Dawley) 19wk/ 2219 802 F 3,134 F Up to 18% depressed mean body
30 M, 30 F generation FOF: 0, weight gain
() 160, 802, Gastro 754 M 2,219 M Soft stool
3.134 802 F 3,134 F Soft stool
F1 M: 0,
Repro 2219 M
165, 818,
2633 3,134F
F1F: 0, Develop 802 3,134 Up to 14-20% depressed mean
194, 947, pup body weight or body weight
3.035 gain during lactation at maternally-
toxic dose level
EPA 1992a — Glyphosate technical, purity 97.67%
6 Rabbit GDs 6-27 0,75,175, BW,CS, Death 350 10/16 maternal rabbits died
(Dutch 1 x/d 350 DX, FX, GN, gq wit 350
belted) GW) LE, MX, TG Gastro 175 350 Increased incidence of soft stool
16 F i
and/or diarrhea
Develop 350
EPA 1992f — Glyphosate technical, purity 98.7%
7 Rat 3-Generation 0, 3, 10,30 BW, CS, Bd Wit 30
(Sprague- study (F) DX, FI,FX, Repro 30
Dawley) GN, HP, LE, Devel 30
12 M, 24 F MX, OW evelop
EPA 1992¢g - Glyphosate technical, purity 98.7%
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Table 2-1. Levels of Significant Exposure to Glyphosate Technical — Oral
Less
Species serious
Figure (strain) Exposure  Doses Parameters NOAEL LOAEL
key® No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effect
8 Rat 2-Generation M: 0, 121, BW, CS, Bd wit 1,234 M
(Sprague- study, upto 408, 1,234; DX, FI, FX, 1273 F
Dawley) 19 wk/ F: 0,126, GN, HP, LE, Hepati 1’234 M
28 M, 28 F generation 423, 1,273 MX, OF, epatic 1,
(F) oW, TG 1273 F
Renal 1,234 M
1,273 F
Repro 1,234 M
1273 F
Develop 408 M 1,234 M Delayed preputial separation
EPA 2013a — Glyphosate technical, purity 95.7%
9 Mouse 28d 0, 150.1, BW, CS, FI, Bd Wt 1,447.5
(B6C3F1/ (F) 4491, GN, OF, Immuno 14475
Crl) 1,447.5 oW, Wi ’
10F
EPA 2013b - Glyphosate technical, purity 82.5%
10 Rat (Alpk: 13 wk M: 0, 155.5, BW, CS, FI, Neuro 1,546.5 M
APISD) (3] 617.1, GN, HP, LE, 16306 F
12 M, 12F 1,546.5 OF, OW
F: 0, 166.3,
672.1,
1,630.6

EPA 2013c¢ — Glyphosate technical, purity 95.6%
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Table 2-1. Levels of Significant Exposure to Glyphosate Technical — Oral

Less
Species serious Serious
Figure (strain) Exposure  Doses Parameters NOAEL LOAEL LOAEL
key® No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effect
11 Rat 13 wk M: 0, 205, BC, BW, Bd wit 1,678 M 3,393 M 18% lower mean body weight and
(F344/N)y (F) 410,811, CS, EA, FI, body weight gain
10M,10F 1,678, GN, HE, 3303 F
22333213, gsv LE, OF, Gastro 1678 M 3,393 M Diarrhea
421, 844, 1690 F 3,393 F Diarrhea
1,690, Hemato 3,393
3,393 Hepatic 811 M 1,678 M Increases in liver weight and serum
ALT
1,690 F 3,393 F Increases in liver weight and serum
AP, ALT, and bile acids
NTP 1992 - Glyphosate technical, purity 99%
12 Mouse 13 wk M: 0, 507, BW,CS, Fl, Bdwt 2273 M 4,776 M 11% lower mean final body weight
(B6CSFT) (F) 1,085, GN, HP, LE, 5846F  11977F 10% lower mean final body weight
10 M, 10F 2,273, OF, OW .
Hepatic 10,780 M
4,778, 11,977 F
10,780 '
F: 0, 753,
1,411,
2,707,
5,848,
11,977
NTP 1992 - Glyphosate technical, purity 99%
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Table 2-1. Levels of Significant Exposure to Glyphosate Technical — Oral

Less
Species serious Serious
Figure (strain) Exposure  Doses Parameters NOAEL LOAEL LOAEL

key® No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effect
CHRONIC EXPOSURE

13 Mouse 24 mo M: 0, 161, BW,CS, Fl, Bd Wt 4945 M
(CD-1) (3] 835,4,945 GN, HE, 6,069 F
50 M, 50 F F:0,195, HP,LE
968 6,069 Gastro 4945 M
6,069 F
Hemato 4,945M
6,069 F
Hepatic 835M 4,945 M Centrilobular hepatocellular
necrosis
6,069 F
Renal 4945 M
968 F 6,069 F Renal tubular epithelial basophilia
EPA 1985a, 1985b, 1986b, 1989, 1993, 2015a, 2016a — Glyphosate technical, purity 99.7%
14 Dog 1yr 0, 20, 100, BC, BW, Bd Wit 500
(Beagle) (C) 500 CS,FI,GN, Hemato 500
6M.6F gg g};\’/’LE’ Ocular 500
UR, WI
EPA 1986a, 1987 — Glyphosate technical, purity 96.13%
15 Rat Up to 24 mo M: 0, 89, BC, BW, Bd wit 940 M
(Sprague-  (F) 362,940  CS, Fl, GN, 457 F 1,183 F 13% lower mean body weight at
Dawley) F: 0,113, HE, HP, LE, treatment week 81
60 M,60F 457,1,183 OW Gastro 940 M
113 F 457 F Inflammation of gastric squamous
mucosa
Hemato 940 M
1,183 F
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Table 2-1. Levels of Significant Exposure to Glyphosate Technical — Oral

Less
Species serious Serious
Figure (strain) Exposure  Doses Parameters NOAEL LOAEL LOAEL

key® No./group parameters (mg/kg/day) monitored Endpoint (mg/kg/day) (mg/kg/day) (mg/kg/day) Effect
Hepatic 940M

1,183 F
Renal 362 M 940 M Increased specific gravity and
decreased pH of urine
1,183 F
Ocular 362 M 940 M Increased incidence of lens
abnormalities
1,183 F
EPA 1991a, 1991b — Glyphosate technical, purity 96.5%
16 Rat 26 mo M: 0, 3.05, BC, BW, Bd wit 3145M
(Sprague- (F) 10.30, CS, FI, GN, 3402 F
50 M, 50 F F.0.337, OF,OW, Casto 3145
11.22, UR 34.02F
34.02 Hemato 31.45M
34.02F
Hepatic 31.45M
34.02F
Renal 3145 M
34.02F

EPA 1992d - Glyphosate technical, purity 98.7%

aThe number corresponds to entries in Figure 2-3.

ALT = alanine aminotransferase; AP alkaline phosphatase; BC = biochemistry, BW or Bd wt = body weight, C = capsule; CS = clinical signs; d = day(s),
Develop = developmental, DX = developmental toxicity; EA = enzyme activity; (F) = exposure in feed; F = female(s); Fl = food intake; FX = fetal toxicity;

G = gavage, neat; Gastro = gastrointestinal, GD = gestation day; GN = gross necropsy; GW = gavage in water vehicle; HE = hematology; Hemato =
hematological, HP = histopathology; Immuno = immunological, LDso = lethal dose, 50% kill; LE = lethality, LOAEL = lowest-observed-adverse-effect level;

M = male(s), MRL = Minimal Risk Level, MX = maternal toxicity; mo = month(s); NOAEL = no observed-adverse-effect level; NS = not specified; OF = organ
function; OP = ophthalmology; OW = organ weight; Repro = reproductive; TG = teratogenicity; UR = urinalysis; WI = water intake; wk = week(s); x = time;

yr = year(s)
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Figure 2-3. Levels of Significant Exposure to Glyphosate Technical — Oral
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Figure 2-3. Leveis of Significant Exposure to Glyphosate Technical - Oral {Continued)
Intermediate {15-364 days)
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Figure 2-3. Levels of Significant Exposure to Glyphosate Technical - Oral (Continued)
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Figure 2-3. Levels of Significant Exposure to Glyphosate Technical - Oral {Continued)
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Table 2-2. Levels of Significant Exposure to Glyphosate Formulations — Oral

Less
Species serious Serious
Figure (strain) Exposure  Doses Parameters NOAEL LOAEL LOAEL
key?2 No./group parameters (mg/kg/day) monitored Endpoint  (mg/kg/day) (mg/kg/day) (mg/kg/day) Effect
ACUTE EXPOSURE
1 Rat Once 0, 3,000 CS, GN, Gastro 3,000 Diarrhea in rats administered
(Wistar) (G) HP, LE, OW Roundup or glyphosate + POEA at
8 M the same concentrations as
contained in the Roundup
formulation
Adam et al. 1997 - 41% w/v glyphosate isopropylamine salt (equivalent to 360 g/L glyphosate) and 18% POEA surfactant
2 Rat 8d 0, 640 Bw, OF, Repro 640 Up to 18% increased percent
(Sprague- (W) oW, Wi abnormal sperm morphology;
Dawley)
15 M
Cassault-Meyer et al. 2014 - Roundup Grand Test substance: Travaux Plus (450 g/L glyphosate, 90 g/L ethoxylated etheralkylamine surfactant)
3 Rat GDs 6-15, 0, 500, 750, BW, DX, FI, Death 1,000 F 8/15 dams died
(\Nistar) 1 x/d 1,000 FX, GN, HP, Bd Wi 1000F
15F W) I(')I\ENM-?(G Wi Develop 500 Increased incidence of fetal skeletal

malformations
Dallegrave et al. 2003 — Roundup (Monsanto of Brazil; 360 g/L glyphosate, 18% w/v polyoxyethyleneamine surfactant).

4 Rat Cnce 0, 250, 500, HP, OF Renal 250 M Histopathologic kidney lesions.
(Wistar) (GW) 1,200,
4 M 2,500

Wunnapuk et al. 2014 — Concentrate Roundup Weedkiller, Monsanto Australia containing 360 g/L. of glyphosate (only ingredient specified in
report)

INTERMEDIATE EXPOSURE

5 Rat 75d, 0, 4.87, EA, OF Hepatic 48.7 M 487 M Increased serum liver enzyme
(Wistar) 1x/2d 48.7, 487 activity, histopathologic liver lesions
14 or (GW)
16 M

Benedetti et al. 2004 — Glyphosate-Biocarb (360 g/L glyphosate and 18% w/v polyoxyetheleneamine surfactant)
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Table 2-2. Levels of Significant Exposure to Glyphosate Formulations — Oral

Less
Species serious Serious
Figure (strain) Exposure  Doses Parameters NOAEL LOAEL LOAEL
key?2 No./group parameters (mg/kg/day) monitored Endpoint  (mg/kg/day) (mg/kg/day) (mg/kg/day) Effect
6 Rat 5 wk, 0, 56,560 BW, EA, FI, Bd Wt 560
(\Nistar) 1 x/d HE, HP, OF, Hepatic 560
NS (GW) oW, Wi

Caglar and Kolankaya 2008 — Roundup (Monsanto of Brazil; 360 g/L glyphosate and 18% w/v polyoxyethyleneamine surfactant)

7 Rat 13 wk, 0, 56,560 BW, EA, FI, Bd Wt 560
(Wistar) 1 x/d HE, HP, OF, Hepatic 560
NS (GW) Oow, Wi
Caglar and Kolankaya 2008 — Roundup (Monsanto of Brazil; 360 g/L. glyphosate and 18% w/v polyoxyethyleneamine surfactant)
8 Rat 42-44d 0, 50,150, BW,CS, Bd Wit 450 F
(Wistar) ~ (gestation, 450 DX, FX, HP, pevelop 50 M Decreased sperm production,
15F lactation) LE, MX, histopathologic testicular lesions
(GW) oW, TG
Dallegrave et al. 2007 — 360 g/L glyphosate, 18% w/v polyoxyethyleneamine surfactant
9 Mouse 15d 0, 50,500 BW, EA, Bd Wit 50 60-66% depressed mean body
(albino 1 xd HE, HP, OF weight gain
Swiss) (GW) Hemato 50 500 Decreased red blood cells,
10 M, hematocrit, hemoglobin; increased
10F mean corpuscular volume,
neutrophils
Hepatic 500

Jasper et al. 2012 - Monsanto Roundup Original containing 41% glyphosate and 16% polyethoxyleneamine surfactant
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Table 2-2. Levels of Significant Exposure to Glyphosate Formulations — Oral

Less
Species serious Serious
Figure (strain) Exposure  Doses Parameters NOAEL LOAEL LOAEL
key?2 No./group parameters (mg/kg/day) monitored Endpoint  (mg/kg/day) (mg/kg/day) (mg/kg/day) Effect
10 Rat 30 d, 0, 5, 50, BwW, DX, Bd Wit 250 M
g\g"itg?ﬂ éZPDS 23- 250 g\F;V OF, Endocr 5M Decreased serum testosterone.
- (G{N) Develop 5M Decreased epithelial thickness and

increased luminal diameter in
seminiferous tubules

Romano et al. 2010 — Roundup Transorb (648 g/L isopropylamine salt of glyphosate and 594 g/L inerts)

aThe number corresponds to entries in Figure 2-4.

Bd Wt or BW = body weight; CS = clinical signs; d = day; Develop = developmental, DX = developmental toxicity; EA = enzyme activity; Endocr = endocrine;

F = female(s); FI = food intake; FX = fetal toxicity, Gastro = gastrointestinal, GD = gestation day, GN = gross necropsy; GW = gavage in water vehicle;

HE = hematology; Hemato = hematological, HP = histopathology; IT = intratracheal, LE = lethality; LOAEL = lowest-observed-adverse-effect level, M = male(s),
MX = maternal toxicity; NOAEL = no observed-adverse-effect level, NS = not specified; OF = organ function; OW = organ weight, POEA = polyoxyethyleneamine;
PPD = post-parturition day; Repro = reproductive; TG = teratogenicity; W = water vehicle; Wl = water intake; wk = week(s), x = time
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Figure 2-4. Levels of Significant Exposure to Glyphosate Formulations — Oral

Bd Wi

ER

Saslro Renal Repro
17
4R

R-Rat

D Animal - NOAEL
B arimad - LOARY Less Senous
@ Argrnat - LOAEL, More Sennus

***DRAFT — DO NOT CITE OR QUOTE - [ DATE\@ "MMMM d, yyyy" I***

Version 2.0

ED_002435_00006486-00038



GLYOHOSATE
+pan - Bd Wt Hemato
BR TR
o 5 @
r e
O
18R
130 5
el
g
B @ QO
%} a8 )
E
10
g

2. HEALTH EFFECTS

[ PAGE |

Figure 2-4. Levels of Significant Exposure to Glyphosate Formulations - Oral (Continued)
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Table 2-3. Levels of Significant Exposure to Glyphosate Technical — Dermal

Less

Species (strain) Exposure  Doses Parameters serious Serious
No./group parameters (mg/kg/day) monitored Endpoint  NOAEL LOAEL LOAEL Effect
INTERMEDIATE EXPOSURE
Rabbit (New 214d, 0, 100, BC, BW, Bd Wt 5,000
Zealand) 5 diwk, 1,000, CS, EA, Fl, Hemato 5000
10M,10F 6 hr/d 5,000 GN, HE, . ’

HP, LE, OW Hepatic 5,000

Dermal 1,000 5,000 Very slight erythema and edema at
application site

EPA 1992c

Glyphosate technical, purity not specified

BC = biochemistry;, BW or Bd wt = body weight; CS = clinical signs; EA = enzyme activity;, F = female(s); FI = food intake; GN = gross necropsy;
HE = hematology; Hemato = hematological, HP = histopathology; LE = lethality; LOAEL = lowest-observed-adverse-effect level, M = male(s); NCAEL = no
observed-adverse-effect level, OW = organ weight

***DRAFT — DO NOT CITE OR QUOTE - [ DATE\@ "MMMM d, yyyy" I*** Version 2.0

ED_002435_00006486-00040



AN W

~3

10
11
12
13
14
15
16
17
18
19

20
21

22
23
24

26
27
28
29
30
31
32
33
34
35

GLYPHOSATE 41

2. HEALTH EFFECTS

2.2 DEATH

Several case report series have reported deaths in individuals intentionally ingesting glyphosate products
(Chen et al. 2009; Kim et al. 2014; Roberts et al. 2010; Sawada et al. 1988; Talbot et al. 1991; Tominack
et al. 1991). The predominant cause of death was often shock (hypovolemic or cardiogenic),
hypotension, and respiratory failure, often due to aspiration (Chen et al. 2009; Kim et al. 2014; Talbot et
al. 1991).

An acute oral LDso value of 4,320 was reported following single oral dosing of rats with glyphosate
technical (EPA 1992b). In a developmental toxicity study, 6/25 pregnant rats died during oral dosing of
glyphosate technical at 3,500 mg/kg/day; there were no deaths during treatment at 1,000 mg/kg/day (EPA
1992¢). No adequate publicly-available sources were located regarding death in laboratory animals

exposed to glyphosate technical by inhalation or dermal routes.

In a study that employed oral dosing of pregnant rats with a glyphosate formulation, 8/15 dams died
during the first 8 days of treatment at 1,000 mg/kg/day glyphosate (Dallegrave et al. 2003). No adequate
publicly-available sources were located regarding death in laboratory animals exposed to glyphosate

formulations by inhalation or dermal routes.

2.3 BODY WEIGHT

Oral exposure of rats to glyphosate technical at relatively high doses resulted in significant effects on
body weight and/or body weight gain. Pregnant rats gavaged at 3,500 mg/kg/day during GDs 6-19
exhibited 28.5% lower mean body weight than controls (EPA 1992¢). Body weight gain was 12-18%
less than that of controls in two generations of parental male and female rats exposed via the diet for 14—
19 weeks at 2,219 or 3,134 mg/kg/day, respectively (EPA 1992a). No treatment-related effects on body
weight were seen among young female mice treated for 28 days at estimated doses up to

1,447.5 mg/kg/day (EPA 2013b). In 13-week oral studies, body weight and/or body weight gain among
rats and mice at oral doses in the range of 2,273-11,977 mg/kg/day were 10-18% less than controls (NTP
1992). In a 2-year study, female rats dosed at 1,183 mg/kg/day exhibited 13% lower mean body weight
than controls at treatment week 81 (EPA 1991a). There was no evidence of treatment-related effects on
body weight among laboratory animals receiving oral doses of glyphosate technical at <1,000 mg/kg/day
during acute-, intermediate-, or chronic-duration exposure (EPA 1986a, 1987, 1991a, 1991b, 19924,
19924, 1992¢, 1992f, 1992g, 2013a, 2013b).

***DRAFT - DC NOT CITE OR QUOTE — April 3, 2019*** Version 2.0

ED_002435_00006486-00041



9
10
11
12
13
14

16
17

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

GLYPHOSATE [PAGE]

2. HEALTH EFFECTS

No significant treatment-related effects on body weight were observed among rabbits administered
repeated dermal applications of glyphosate technical at doses in the range of 100-5,000 mg/kg/application
for 21 days (EPA 1992¢).

Several studies evaluated effects of oral exposure to glyphosate formulations on body weight. Limited
results indicate that mice may be more sensitive than rats to body weight effects from repeated oral
exposure to glyphosate formulations. Seriously-depressed mean body weight gain (60-66% less than
controls) was reported for albino Swiss mice gavaged at 50 mg/kg/day for 15 days and approximately
10% body weight loss for mice dosed at 500 mg/kg/day (Jasper et al. 2012). No significant effects on
body weight were observed among Wistar rats gavaged at 56 or 560 mg/kg/day for up to 13 weeks
(Caglar and Kolankaya 2008), pregnant Wistar rats gavaged at 1,000 mg/kg/day during GDs 6-15
(Dallegrave et al. 2003), or maternal Wistar rats gavaged at 50-450 mg/kg/day during gestation and
lactation (Dallegrave et al. 2007). No effects on body weight were observed among male Wistar rats

gavaged at 250 mg/kg/day during postnatal days (PNDs) 23-53 (Romano et al. 2010).

2.4 RESPIRATORY

As summarized in Table 2-4, several investigations of the Agricultural Health Study participants have
examined the possible associations between glvphosate use and increased risk of rhinitis, wheezing,
atopic asthma, allergic asthma, or chronic bronchitis (Hoppin et al. 2002, 2006a, 2006b, 2007, 2008,
2009; Slager et al. 2009, 2010). No associations were found for diagnosed chronic bronchitis (Hoppin et
al. 2007) or for wheezing after adjusting for confounding exposure to other pesticides (Hoppin et al. 2002,
2006a, 2006b). Current rhinitis was associated with glyphosate use among commercial applicators
(Slager et al. 2009) and farmers (Slager et al. 2010), but no relationship between risk and the number of
days of use per vear was found among the commercial applicators (Slager et al. 2009). An association
between glyphosate use and the risk of atopic asthma was found among farm women, but there was no
association with nonatopic asthma (Hoppin et al. 2008). No associations were found between glyphosate
use by male farmers and risk of allergic or nonallergic asthma (Hoppin et al. 2009). It is noted that most
of these studies did not account for other pesticide uses. Respiratory failure or distress was reported in
about 10-25% of the cases of intentional ingestion of glyphosate products (Lee et al. 2000; Moon and

Chun 2010; Tominack et al. 1991).
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Table 2-4. Noncancer Outcomes in Humans Exposed to Glyphosate

Reference and study population
Respiratory
Hoppin et al. 2002

Cohort study of 20,468 participants in the
Agricultural Health Study in lowa and North
Carolina

Exposure

Exposure: any glyphosate exposure and
application frequency categories

Logistic regression adjustments: age,
state, smoking history, asthma-atopy
status

Outcomes

Wheeze, self-reported
OR 1.05 (0.95-1.17), p=0.04 for trend of
increasing exposure days

Hoppin et al. 2006a

Prospective cohort study of 20,175 participants in
the Agricultural Health Study in lowa and North
Carolina (17,920 farmers and 2,255 commercial
pesticide applicators)

Exposure: any glyphosate exposure

Logistic regression adjustments: age,
state, smoking history, BMI

Wheeze, self-reported
OR 1.05 (0.94-1.17), farmers
OR 1.14 (0.83-1.57), applicators

Hoppin et al. 2006b

Cohort study of 2,255 commercial pesticide
applicators participating in the Agricultural Health
Study in lowa and North Carolina

Exposure: any glyphosate exposure

Logistic regression adjustments: age,
smoking status, asthma and atopy history,
BMI

Wheeze, self-reported
OR 1.38 (1.03~1.86)
OR 1.14 (0.83~1.57), with adjustment for
use of chlorimuron-ethyl pesticide

Hoppin et al. 2007

Prospective cohort study of 20,908 participants in
the Agricultural Health Study in lowa and North
Carolina

Exposure: any glyphosate exposure

Logistic regression adjustments: age,
state, sex, pack years

Chronic bronchitis
OR 0.99 (0.82-1.19)

Hoppin et al. 2008

Prospective cohort study of 25,814 farm women
participating in the Agricultural Health Study in
lowa and North Carolina

Exposure: any glyphosate exposure

Logistic regression adjustments: age,
state, smoking status, “grew up on farm”

Atopic asthma

OR 1.31 (1.02-1.67)
Nonatopic asthma

OR 1.13 (0.92-1.39)

Hoppin et al. 2009

Prospective cohort study of 19,704 male farmers
participating in the Agricultural Health Study in
lowa and North Carolina

Exposure: any glyphosate exposure

Logistic regression adjustments: age,
state, smoking status, BMI

Allergic asthma

CR 1.37 (0.86-2.17)
Nonallergic asthma

CR 1.15 (0.87-1.51)
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Table 2-4. Noncancer Outcomes in Humans Exposed to Glyphosate

Reference and study population

Exposure

Outcomes

Slager et al. 2009

Prospective cohort study of 2,245 commercial
applicators participating in the Agricultural Health

Study in lowa

Exposure: any glyphosate exposure and
application frequency categories

Logistic regression adjustments: age,
education, “growing up on farm”

Current rhinitis
OR 1.32 (1.08-1.61), p=0.735 for trend for
increasing use days per year

Slager et al. 2010

Prospective cohort study of 19,565 farmers

participating in the Agricultural Health Study in

lowa and North Carolina

Cardiovascular Effects
Dayton et al. 2010

Case control study of 168 cases of nonfatal
myocardial infarction and 22,257 controls in
women in lowa and North Carolina participating in

the Agricultural Health Study

Exposure: any glyphosate exposure and
application frequency categories

Logistic regression adjustments: age;
race; education; state; BMI; currently
working on farm; years mixing pesticides,
repairing engines or pesticide equipment,
welding, painting, handling stored grain or
hay, working in swine areas, working with
hogs or other farm animals, butchering
animals, and growing cabbage, Christmas
trees, field corn, sweet corn, and hay

Exposure: any glyphosate exposure

Logistic regression adjustments: age,
BMI, smoking, state

Current rhinitis
OR 1.09 (1.05-1.13)

Nonfatal myocardial infarction
OR 0.8 (0.6-1.2)

Mills et al. 2009

Prospective study of male participants in the

Agricultural Health Study in lowa and North

Carolina (n=54,069 for fatal myocardial infarction

and 32,024 for nonfatal incidence)

Exposure: any glyphosate exposure

Cox proportional regression
adjustments: age, state, smoking, BMI
(nonfatal analysis only)

Fatal myocardial infarction
HR 0.99 (0.80-1.23)

Nonfatal myocardial infarction
HR 1.10 (0.93-1.31)
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Table 2-4. Noncancer Outcomes in Humans Exposed to Glyphosate

Reference and study population
Musculoskeletal Effects
De Roos et al. 2005b

Nested case control study of 135 cases of
physician-confirmed rheumatoid arthritis and
675 controls participating in the Agricultural
Health Study in lowa and North Carolina (female
participants only)

Dermal Effects

Maibach 1986

Experimental study of 24 males and females

Exposure

Exposure: any glyphosate exposure

Unconditional logistic regression
adjustments: birth date, state

Exposure: 0.1 mL applied to intact and
Draize-type abraded skin; patch removed
after 24 hours

Outcomes

Rheumatoid arthritis
OR 1.2 (0.8-1.8)

No skin irritation 24 or 48 hours after
application to intact skin

Irritancy scores 24 hours after application to
abraded skin were negative in 10 subjects,
equivocal in 4 subjects and erythema was
noted in 10 subjects; at 48 hours, the scores
were negative in 10 subjects, equivocal in

6 subjects, and erythema was noted in

8 subjects

Maibach 1986

Experimental study of 23 males and females

Exposure: 0.1 mL applied 5 days/week
for 21 days

The average score was 1.4 where a score of

1 indicates erythema and 2 indicates erythema
and induration; none of the subjects reported
burning, stinging, or itching from the test
compound

Maibach 1986

Experimental study of 204 males and females

Exposure: 0.2 ml applied to 3 days/week
for 3 weeks with patches remaining in
place for 48-72 hours; a challenge patch
was applied after a 2-week rest period

No skin irritation was observed

Maibach 1986

Experimental study of 15 males and females

Exposure: Full-strength glyphosate was
applied to skin stripped of the stratum
corneum; the test site received irradiation
with ultraviolet A and ultraviolet B light

No positive results for photoirritation or
photosensitization were found
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Table 2-4. Noncancer Outcomes in Humans Exposed to Glyphosate

Reference and study population
Ocular Effects
Kirrane et al. 2005

Prospective study of 31,173 female spouses of
commercial pesticide applicators participating in
the Agricultural Health Study in lowa and North
Carolina

Endocrine Effects
Goldner et al. 2010

Prospective study of 16,529 participants (female
spouses only) in the Agricultural Health Study in
lowa and North Carolina

Thyroid disease was self-reported clinically
diagnosed

Neumlogical Effecis
Kamel et al. 2007

Case control study of cases of self-reported
Parkinson’s disease (n=83 prevalent cases

and 78 incident cases) and controls

(n=79,557 prevalent controls and 55,931 incident
controls) participating in the Agricultural Health
Study in lowa and North Carolina

Reproductive Effects
Curtis et al. 1999

Retrospective cohort study of 2,012 planned
pregnancies among participants in the Canadian
Ontario Farm Family Health Study

Exposure

Exposure: any glyphosate exposure

Hierarchial regression adjustments:
age, state

Exposure: any glyphosate exposure

Polytomous logistic regression
adjustments: age, education, smoking
status, hormone replacement therapy, BMI

Exposure: any glyphosate exposure

Logistic regression adjustments: age,
state, type of participant

Exposure: any glyphosate exposure

Cox proportional hazard adjustments:
age when beginning to try to conceive,
recent oral contraceptive use, men’s and
women’s smoking, and use of other
pesticides

Outcomes

Retinal degeneration
OR 1.1 (0.8-1.5)

Hyperthyroid disease
OR 0.98 (0.78-1.2)

Hypothyroid disease
OR 1.0 (0.91-1.2)

Other thyroid disease
OR 0.97 (0.81-1.2)

Parkinson’s disease
OR 1.0 (0.6-1.7), prevalent disease
OR 1.1 (0.6-2.0), incident disease

Prevalent disease defined as reporting
Parkinson’s disease at enroliment and incident
disease defined as Parkinson’s disease
reported at the study follow-up

Fecundability
CFR 0.61 (0.30-1.26), pesticide use on the
farm and women reported pesticide
activities
CFR 1.30 (1.07-1.56), pesticide use on the
farm, but no pesticide activities reported
by women
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Table 2-4. Noncancer Outcomes in Humans Exposed to Glyphosate

Reference and study population Exposure Qutcomes

Developmental Effects

Arbuckle et al. 2001 Exposure: any glyphosate exposure Spontaneous abortion, preconception
exposure

Retrospective cohort study of 2,110 female Logistic regression adjustments: none OR 1.4 (1.0-2.1), all gestational ages

participants in the Canadian Ontario Farm Family OR 1.1 (0.7-1.9), <12 weeks gestation

Health Study

OR 1.7 (1.0-2.9), >12 weeks gestation
Spontaneous abortion, postconception
exposure

OR 1.1 (0.7-1.7), all gestational ages

OR 0.8 (0.4-1.6), <12 weeks gestation

OR 1.4 (0.8-2.5), >12 weeks gestation

Garcia et al. 1998

Exposure: any paternal glyphosate Congenital malformations
exposure OR 0.94 (0.37-2.34)

Case control study of 261cases of congenital
malformations and 261 matched controls in Spain Conditional logistic regression

adjustments: paternal age and paternal
job and maternal history of spontaneous

abortion, twins, drug consumption, heavy
smoking, education, occupation

Garry et al. 2002

Cross sectional study of 695 families and
1,532 children in Minnesota

Exposure: any glyphosate exposure ADD/ADHD, parent reported
OR 3.6 (1.35-9.65)

Regression adjustments: maternal age,

smoking status, alcohol use, season of

conception
Rull et al. 2006 Exposure: maternal residential proximity = Neural tube defects

of 1,000 m of glyphosate application OR1.5(1.0-2.4)
Case control study of 731 cases of neural tube OR 1.5 (0.8-2.9) with adjustment for other
defects and 940 controls in California Unconditional logistic regression pesticide exposure

adjustments: maternal ethnicity,
education, periconceptional smoking,
vitamin use

***DRAFT — DO NOT CITE OR QUOTE - [ DATE\@ "MMMM d, yyyy" I*** Version 2.0

ED_002435_00006486-00047



GLYPHOSATE

2. HEALTH EFFECTS

Table 2-4. Noncancer Outcomes in Humans Exposed to Glyphosate

[ PAGE |

Reference and study population

Exposure

Outcomes

Sathyanarayana et al. 2010

Prospective study of 2,246 women whose most
recent singleton birth occurred within 5 years of
enrollment in the Agricultural Health Study in

lowa and North Carolina

Exposure: any maternal glyphosate
exposure

Linear regression adjustments:
maternal BMI and height, parity, preterm
status, state, maternal smoking during
pregnancy

Birth weight, change
$4g(-40-48 g)

Savitz et al. 1997

Retrospective cohort study of 1,898 couples

participating in the Canadian Ontario Farm Family

Health Study

Other Noncancer Effects
Montgomery et al. 2008

Prospective study of 33,457 participants (white
males only) in the Agricultural Health Study in

lowa and North Carolina

Exposure: any paternal glyphosate
exposure

Logistic regression adjustments:
maternal age, parity, maternal and paternal
education, income, maternal and paternal
off farm job, maternal smoking and alcohol
use during pregnancy, conception to
interview interval

Exposure: any glyphosate exposure

Logistic regression adjustments: age,
state, BMI

Miscarriage

OR 1.5 (0.8-2.7)
Preterm delivery

OR 2.4 (0.8-7.9)
Small for gestational age

OR 0.8 (0.2-2.3)

Diabetes incidence
OR 0.85 (0.74-0.98)

Saldana et al. 2007

Prospective study of 11,273 participants in the

Agricultural Health Study in lowa and North
Carolina

Exposure: any glyphosate exposure
during the first trimester

Unconditional logistic regression
adjustments: BMI at enroliment, mother's
age at pregnancy, parity, race, state,
commonly used pesticides by women

Gestational diabetes mellitus
OR 0.7 (0.2-1.75)

ADD/ADHD = attention deficit disorder/attention deficit hyperactivity disorder; BMI = body mass index; CFR = conditional fecundability ratic; HR = hazard ratio;

OR = odds ratio
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Publicly-available data regarding respiratory effects in laboratory animals exposed to glyphosate are
limited to results from a single study designed to evaluate the effects of glyphosate (200 mg/kg),
glyphosate + polyoxyethylencamine (POEA) (200 and 100 mg/kg, respectively), POEA alone

(100 mg/kg), and a Roundup formulation (containing 200 mg glyphosate/kg and 100 mg POEA/kg) in
rats evaluated for 24 hours following intratracheal instillation (Adam et al. 1997). Control rats received
normal saline. Obvious clinical signs of adverse pulmonary effects and mortalities occurred in each
group except the saline controls. The study authors stated that the pulmonary effects were more severe
and lasted longer in rats treated with POEA alone or in combination with glyphosate compared to
responses in glvphosate only-treated rats. These results suggest POEA was more acutely toxic than

glyphosate to the lungs.

2.5 CARDIOVASCULAR

Two studies using Agricultural Health Study participants did not find associations between glyphosate
use and the risk of myocardial infarctions (Dayton et al. 2010; Mills et al. 2009); see Table 2-4 for details.
In case series reports, abnormal electrocardiogram (EKG) readings have been found in patients ingesting
glyphosate (Kim et al. 2014; Lee et al. 2000, 2008; Moon and Chun 2010; Talbot et al. 1991). The most
commonly reported alterations included prolonged QTc¢ interval and sinus tachycardia. In the most severe
poisoning cases, hvpotension and shock have been reported (Roberts et al. 2010; Sawada et al. 1988;
Tominack et al. 1991).

No data were located regarding cardiovascular effects in laboratory animals exposed to glyphosate

technical or glyphosate formulations by any exposure route.

2.6 GASTROINTESTINAL

Gastrointestinal symptoms are commonly reported in case series reports of patients ingesting glyphosate
products. In numerous reports, over 40% of the patients reported nausea/vomiting (Lee et al. 2000, 2008;
Roberts et al. 2010; Sawada et al. 1988; Tominack et al. 1991). Other effects reported included
abdominal pain (Lee et al. 2000, 2008; Moon and Chun 2010; Roberts et al. 2010; Sawada et al. 1988;
Talbot et al. 1991), sore throat (Lee et al. 2000; Tominack et al. 1991), and damage to mucosal tissue in
the mouth and esophagus (Chang et al. 1999; Sawada et al. 1988; Talbot et al. 1991; Tominack et al.
1991).
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Several studies evaluated effects of glyphosate technical oral exposure in laboratory animals. The most
common effect was clinical signs of gastrointestinal disturbances. Such clinical signs are commonly
observed in studies of laboratory animals receiving bolus gavage doses of test substances, in which cases
the clinical sign may be at least partially the result of the method of gavage dosing. Soft stool and/or
diarrhea were reported among pregnant rats gavaged at 3,500 mg/kg/day during GDs 6-19 (EPA 1992¢)
and pregnant rabbits gavaged at 350 mg/kg/day during GDs 6-27 (EPA 1992f). In the rabbit study, a
slight increase in observations of soft stool and/or diarrhea was noted at 175 mg/kg/day, but was not
considered to represent a toxicologically significant effect. Soft stools were observed in rats exposed via
the diet for 2 generations at concentrations resulting in estimated doses in the range of 2,219-2,633 and
3,035-3,134 mg/kg/day for parental males and females, respectively (EPA 1992a). In a 2-year study of
rats exposed via the diet (EPA 1991a, 1991b), inflammation of gastric squamous mucosa was observed in
females at an estimated dose level of 457 mg/kg/day; there were no signs of gastrointestinal effects in
males at estimated doses as high as 940 mg/kg/day. In another chronic-duration oral rat study (EPA
1992d), there were no signs of treatment-related gastrointestinal effects at the highest estimated dose level
(31.45-34.02 mg/kg/day). No clinical signs or histopathological evidence of treatment-related
gastrointestinal effects were seen among male or female mice exposed via the diet for 24 months at

estimated doses as high as 4,945-6,069 mg/ke/day (EPA 1985a).

Limited information was located regarding gastrointestinal effects in laboratory animals following oral
exposure to glyphosate formulations. In one study, histopathologic lesions in stomach and pancreas were
reported for rats treated by gavage for 8 weeks at 375 mg/kg/day; however, the study report did not
contain quantitative incidence data, thus precluding independent evaluation. (Tizhe et al. 2014). Another
study was designed to evaluate the effects of glyphosate (2,000 mg/kg), glvphosate + POEA (2,000 and
1,000 mg/kg, respectively), POEA alone (1,000 mg/kg), and a Roundup formulation (containing

2,000 mg glyphosate/kg and 1,000 mg POEA/kg) in rats evaluated for 24 hours following gavage
administration (Adam et al. 1997). Control rats received normal saline. Two rats in the POEA-only
treatment group died. Diarrhea was noted in all groups except the control group. The study authors
stated that the groups given POEA or mixtures that included POEA experienced more rapid and severe
diarrhea than those given glvphosate alone. These results suggest that POEA was more acutely toxic than

glyphosate to the gastrointestinal system.
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2.7 HEMATOLOGICAL

No information was located regarding hematological effects in humans exposed to glyphosate-containing
products; results from available animal studies do not implicate the hematological system as a sensitive
target of glyphosate toxicity. Hematological endpoints were evaluated in chronic-duration oral studies of
rats (EPA 1991a, 1991b, 1992d), mice (EPA 1985a, 1993), and dogs (EPA 1986a, 1987) exposed to
glyphosate technical. There were no apparent treatment-related effects in chronic-duration oral studies of
rats, mice, or dogs administered glyphosate technical at oral doses as high as 940-1,183 mg/kg/day for
rats (EPA 1991a, 1991b, 1992d), 4,945-6,069 mg/kg/day for mice (EPA 1985a, 1993), and

500 mg/kg/day for dogs (EPA 1986a, 1987). Rabbits administered repeated dermal applications of
glyphosate technical at doses in the range of 100-5,000 mg/kg/application for 21 days exhibited no
evidence of treatment-related hematological effects (EPA 1992¢). Available information regarding
hematological effects related to glyphosate formulations is limited to a report of decreases in red blood
cell count, hematocrit, and hemoglobin, and increases in corpuscular volume and neutrophil count in mice

gavaged for 15 days at 500 mg/kg/day (Jasper et al. 2012).

2.8 MUSCULOSKELETAL

In the only available epidemiology study examining potential musculoskeletal effects, De Roos et al.
(2005b) did not find an association between glyphosate use and the risk of rheumatoid arthritis among

participants of the Agricultural Health Study; see Table 2-4 for details.

No adequate publicly-available sources were located regarding musculoskeletal effects in laboratory

animals exposed to glvphosate technical or glyphosate formulations by any exposure route.

2.9 HEPATIC

No information was located regarding hepatic effects in humans exposed to glyphosate-containing
products. The potential for glyphosate technical to cause liver toxicity was evaluated in studies of rats
and mice; there is some evidence that oral doses near or above recommended limit dosing for animal
studies (2,000 mg/kg/day) may cause adverse liver effects. In a 13-week rat dietary study of glyphosate
technical increases in liver weight and serum ALT were observed in males at 1,678 mg/kg/day; increased
liver weight and increased serum AP, ALT, and bile acids were noted in females at 3,393 mg/kg/day.
There were no indications of treatment-related liver effects among male and female rats treated via the

diet for 2 generations at estimated doses as high as 1,234-1,273 mg/kg/day (EPA 2013a) or other rats
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treated for 2 years to doses as high as 940-1,183 mg/kg/day (EPA 1991a, 1991b). Male mice exposed via
the diet for 13 weeks at doses 22,273 mg/kg/day exhibited increased mean relative liver weight (4-9%
greater than controls) in the absence of histopathologic liver lesions; there were no effects on liver weight
in similarly-treated female mice at doses up to and including 11,977 mg/kg/day (NTP 1992). Male mice
exposed via the diet for 2 years at an estimated dose of 4,945 mg/kg/day exhibited increased incidence of
histopathologic central lobular hepatocyte necrosis; there was no evidence of treatment-related liver
effects in similarly-treated female mice at an estimated dose of 6,069 mg/kg/day (EPA 1985a). Rabbits
administered repeated dermal applications of glyphosate technical at doses in the range of 100-5,000
mg/kg/application for 21 days exhibited no evidence of treatment-related hepatic effects (EPA 1992c¢).
Available information regarding hepatic endpoints in animals exposed to glyphosate formulations is
limited to results from two studies. Increased serum ALT and aspartate aminotransferase (AST) activity
and histopathologic liver lesions (increased Kupffer cells in hepatic sinusoids and deposition of reticulin
fibers) in male rats treated by gavage for 75 days (one dose every 2 days) at 487 mg/kg/dosing (Benedetti
et al. 2004). Tizhe et al. (2014) reported cellular degeneration and congestion in the liver of rats gavaged
with a glyphosate formulation at 375 mg/kg/day for 8 weeks. However, the study report did not contain

quantitative incidence data, thus precluding independent evaluation.

2.10 RENAL

One epidemiological study of glyphosate applicators found an increased risk of chronic kidney disease
(Jayasumana et al. 2015). However, uncertainty regarding an association between exposure to
glyphosate-containing products and risk of chronic kidney disease includes the finding that the applicators
were also exposed to high levels of calcium, magnesium, barium, strontium, iron, titanium, and vanadium

by drinking water from abandoned wells.

Several studies evaluated possible renal toxicity in laboratory animals treated with glyphosate technical.
In a 2-generation reproductive toxicity study (EPA 2013a), slightly increased absolute and relative kidney
weights (7-11% greater than controls) were reported among FO parental female rats dosed at

1,273 mg/kg/day; there was no evidence of histopathologic kidney lesions. Therefore, the slightly
increased kidney weight was not considered to represent a treatment-related adverse effect. During

2 vears of dietary treatment of rats, urinalysis revealed increased specific gravity of urine and decreased
urinary pH among males treated at an estimated dose of 940 mg/kg/day; there were no signs of treatment-
related renal effects in urinalysis results from females treated at an estimated dose as high as

1,183 mg/kg/day (EPA 1991a, 1991b). Female mice treated for 2 years at an estimated dose of
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6,069 mg/kg/day exhibited significantly increased incidence of renal proximal tubule epithelial basophilia
and hypertrophy; there was no evidence of renal effects in similarly-treated male mice at an estimated

dose of 4,945 mg/kg/day (EPA 1985a).

Information regarding renal effects in animals exposed to glyphosate formulations is restricted to results
from two studies. There is some uncertainty regarding the role of glyphosate in the reported effects.
Histopathologic kidney lesions (necrotic and apoptotic cells, localized primarily in tubular epithelium of
the proximal straight tubule and thick ascending limb of the loop of Henle) were reported in male rats
gavaged once with a glyphosate formulation at dose levels ranging from 250 to 2,500 mg/kg (Wunnapuk
ctal. 2014). Tizhe et al. (2014) reported glomerular degeneration and renal tubular necrosis with
mononuclear cellular infiltration in the kidney of rats gavaged with a glyphosate formulation at

375 mg/kg/day for 8 weeks. However, the study report did not contain quantitative incidence data, thus

precluding independent evaluation.

2.11 DERMAL

One study evaluated the potential dermal toxicity of glyphosate in humans. In an experimental study (see
Table 2-4), a single application of glyphosate herbicide to intact skin for 24 hours did not result in
irritation (Maibach 1986). When applied to abraded skin, erythema was noted in 42% of the subjects
after 24 hours. Mild skin irritation was observed in a repeated exposure test study (Maibach 1986). No
skin irritation was observed in a Draize skin sensitization test or in a photosensitivity/photoirritation test

(Maibach 1986).

Available information regarding dermal effects in animals is limited to a few studies in which minor
dermal irritation was reported in response to dermally-applied glyphosate technical. At the application
site, very slight erythema and edema were observed in rabbits during 21 days of repeated dermal
application of glyphosate technical at 5,000 mg/kg/application; no dermal effects were seen at doses
<1,000 mg/kg/application (EPA 1992¢). According to EPA (1993, 2009a), glvphosate is considered a

slight dermal irritant following acute dermal application.

2.12 OCULAR

In a study of wives of commercial pesticide applicators, no association was found between glyphosate use
among the wives and retinal degeneration (Kirrane et al. 2005); see Table 2-4 for details. In a case series

report of 1,513 ocular exposures to glyphosate, minor symptoms (primarily transient irritation) were
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1 observed in 70% of the cases; most (99%) complained of eve pain (Acquavella et al. 1999). Moderate
effects, such as persistent irritation or low-grade corneal burns or abrasions, were observed in about 2% of
the cases. Among the cases with moderate effects, 93% reported eye pain, 20% reported lacrimation, and

2
3
4 27% reported blurred vision.
5

6  Two chronic-duration oral studies included ophthalmoscopic examinations of laboratory animals exposed
to glyphosate technical. EPA (1991a, 1991b) reported significantly increased incidence of lens

8  abnormalities in male rats treated via the diet for 2 years at an estimated dose of 940 mg/kg/day; there

9  were no indications of a treatment-related ocular effect in female rats at the highest estimated dose level
10 (1,183 mg/kg/day). No signs of treatment-related ocular effects were seen among dogs treated via
11 capsule for 1 year at estimated doses as high as 500 mg/kg/day (EPA 1986a). According to EPA (1993,
12 2009a), glyphosate is considered mildly irritating to the eye following ocular instillation.
13

14 2.13 ENDOCRINE
15

16  Available human information regarding possible associations between exposure to glyphosate-containing
17 products and risk of endocrinological effects is limited to results from one study that reported no

18  associations between any glyphosate exposure and the risks of thyroid diseases (Table 2-4) in the female
19 spouses of Agricultural Health Study participants (Goldner et al. 2010).

20

21 Chronic-duration oral studies in rats, mice, and dogs revealed no evidence of glyphosate technical

22 treatment-related effects on the endocrine system (EPA 1985a, 1986a, 1991a, 1992d). Romano et al.

23 (2010) reported dose-related 30-50% decreased serum testosterone in young male rats gavaged with a

24 glyphosate formulation at 5-250 mg/kg/day during postpartum days 23-53. Romano et al. (2012)

25 implicated disruption of gonadotropin expression as a mechanism of action for glyphosate-induced effects
26  on male rat sexual development.

27

28  Glyphosate (purity not specified) did not affect testosterone or estradiol levels in an Organisation for

29 Economic Cooporation and Development (OECD) guideline steroidogenesis assay that employed H295R
30 human adrenocortical carcinoma cells (EPA 2012a). A uterotrophic assay emploved daily gavage

31  administration of glyphosate (85.1% active ingredient) in 0.5% methylcellulose to sexually-mature

32 ovariectomized Sprague-Dawley rats at 0, 100, 300, or 1,000 mg/kg/day for 3 consecutive days; positive
33 controls received 17a-ethynyl estradiol (EPA 2012b). Glyphosate did not induce an estrogenic response
34 under the conditions of the assay. Glyphosate (95.93% glyphosate acid; calculated glvphosate content of
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1 85.14%) was incubated with human recombinant aromatase and tritiated androstenedione to assess the
potential for glyphosate to inhibit aromatase activity in vifro (EPA 2012¢). Glyphosate did not inhibit

aromatase activity under the conditions of the assay.

EPA (2015b) subjected glyphosate to the Endocrine Screening Program Tier 1 and concluded that there

6  was no convincing evidence of potential interaction between glyphosate and estrogen, androgen, or

thyroid pathways.
8
9 2.14 IMMUNOLOGICAL
10

11  Studies examining possible associations between glyphosate exposure and asthma risk or rheumatoid

12 arthritis risk are discussed in Sections 2.4 and 2.8, respectively.

13

14  Limited information is available regarding immunological effects. There was no evidence of treatment-
15 related effects on spleen or thymus of mice administered glyphosate technical in the diet for 28 days at

16  estimated doses as high as 1,447.5 mg/kg/day and no evidence of treatment-related effects on splenic anti-
17 sheep red blood cell (SRBC) anti-body forming cell (AFC) responses to SRBC (EPA 2013b). Tizhe et al.
18 (2014) reported histopathologic lesions in the spleen of rats gavaged with a glyphosate formulation at

19 375 mg/kg/day for 8 weeks. However, the study report did not contain quantitative incidence data, thus
20 precluding independent evaluation. EPA (1992d) reported significantly increased incidences of

21 lymphocytic hyperplasia in the thymus from female rats administered glyphosate technical in the diet for
22 upto 26 months at doses of 3.37, 11.22 and 34.02 mg/kg/day (13/32, 18/37, and 17/34, respectively,

23 versus 5/25 controls). However, EPA (1992d) did not consider the lesion to be compound-related

24 because the lesion occurs spontancously in older rats and is quite variable in the thymus, there was no

25 apparent effect on lymphocytes in the spleen (a much less variable indicator for lymphocytic hyperplasia),
26  and the severity of the lesion was similar among controls and glyphosate-treated groups.

27

28 2.15 NEUROLOGICAL
29

30 Available information regarding possible associations between exposure to glyphosate-containing

31  products and risk of neurological effects is limited to a single case-control study that did not find an

32 association between glyphosate exposure and Parkinson’s disease (sec Table 2-4 for details) (Kamel et al.
33 2007).

34
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Rats were administered glyphosate technical once by gavage at up to 2,000 mg/kg and observed for up to
2 weeks postdosing; other rats were treated via the diet for 13 weeks at doses as high as 1,547

1,631 mg/kg/day (EPA 2013¢). There was no evidence of treatment-related neurotoxicity as assessed by
clinical signs, functional observational battery, motor activity testing, and gross and histopathologic
examination of brain and peripheral nervous tissue. Tizhe et al. (2014) reported neuronal degeneration in
the brain of rats gavaged with a glyphosate formulation at 375 mg/kg/day for 8 weeks. However, the

study report did not contain quantitative incidence data, thus precluding independent evaluation.

2.16 REPRODUCTIVE

No association between glvphosate use and fecundability was found among women living at farms in
which pesticides were used and were involved in pesticide activities (Curtis et al. 1999). This study also
reported an association with improved fecundability when the women were not involved in pesticide

activities; see Table 2-4 for additional information.

There was no evidence of treatment-related reproductive effects among parental male or female rats
administered glyphosate technical in the diet for 2 generations at estimated doses as high as 1,234—

3,134 mg/kg/day (EPA 1992a, 2013a). See Section 2.17 for information regarding treatment-related
effects on the reproductive system of male rats exposed to glyphosate formulations during in utero and/or

postnatal development.

2.17 DEVELOPMENTAL

Several epidemiology studies have examined possible associations between glyphosate use and
developmental toxicity; these studies are summarized in Table 2-4. Given that only one study examined
cach endpoint and the lack of quantification of glyphosate exposure, these results were not considered
sufficient for drawing conclusions on the risk of developmental toxicity associated with glyphosate
exposure in humans. The studies found associations between maternal preconception exposure to
glyphosate and increased risk of spontancous abortion (Arbuckle et al. 2001) and glyphosate exposure
and parent-reported attention deficit disorder/attention deficit hyperactivity disorder (ADD/ADHD)
(Garry et al. 2002). No associations were found between paternal exposure and miscarriages (Savitz et al.
1997), preterm delivery (Savitz et al. 1997), small for gestational age risk (Savitz et al. 1997), or
congenital malformations (Garcia et al. 1998). Similarly, no associations were found between maternal
glyphosate exposure and birth weight (Sathyanarayana et al. 2010) or neural tube deficits (Rull et al.
2006).
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A limited number of studies evaluated developmental endpoints in laboratory animals orally exposed to
glyphosate technical; the data are not sufficient to draw conclusions regarding glyphosate-induced
developmental effects. Depressed weight and increased incidence of unossified sternebrae were observed
in fetuses from rat dams treated by gavage at 3,500 mg/kg/day during GDs 6-19 (EPA 1992¢). Increased
incidence of kidney tubular dilation was reported for F3b weanlings in a 3-generation study of glyphosate
technical (98.7% purity) administered to male and female Sprague-Dawley rats in the diet at an estimated
dose level of 30 mg/kg/day; the reported NOAEL was 10 mg/kg/day (EPA 1992g). However, EPA
(2009a) considered the increased incidence of kidney tubular dilation in the F3b male weanlings to be a
spurious result because there were no signs of treatment-related effects on kidneys of rat offspring in a
subsequent 2-generation study at dose levels up to 3,134 mg/kg/day (EPA 1992a). In the 2-generation
study, the highest dose level (3,134 mg/kg/day) resulted in up to 14-20% depressed pup body weight
and/or body weight gain during the lactation period (EPA 1992a). In another 2-generation oral rat study,
exposure via the diet at an estimated dose level of 1,234 mg/kg/day resulted in delayed preputial
separation in male pups (EPA 2013a). There were no apparent treatment-related developmental effects in

a study of rabbits treated by gavage at up to 350 mg/kg/day during GDs 6-27 (EPA 1992f).

Developmental endpoints were evaluated in three studies that employed oral exposure to glyphosate
formulations. The specific role of glyphosate in the reported results is uncertain. Dallegrave et al. (2003)
observed an increased incidence of skeletal malformations in fetuses from rat dams gavaged at 500
mg/kg/day during GDs 6-15. Dallegrave et al. (2007) reported decreased sperm production and
histopathologic testicular lesions in offspring of rat dams gavaged at 50 mg/kg/day during gestation and
lactation. Romano et al. (2010) reported decreased epithelial thickness and increased luminal diameter in
seminiferous tubules of male rat pups treated by gavage at 5 mg/kg/day on postpartum days 23-53 and

delayed preputial separation at a dose level of 50 mg/kg/day.

2.18 OTHER NONCANCER

No associations were found between glyphosate exposure and increased risks of diabetes (Montgomery et
al. 2008) or gestational diabetes (Saldana et al. 2007) in epidemiology studies (see Table 2-4). Metabolic
acidosis (Kim et al. 2014; Lee et al. 2008; Moon and Chun 2010; Tominack et al. 1991), hyperkalemia
(Kim et al. 2014; Lee et al. 2008; Moon and Chun 2010), and acute pancreatitis (Kim et al. 2014; Moon
and Chun 2010) have been reported in case series of individuals ingesting glyphosate; metabolic acidosis

was typically reported in >35% of the cases.
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2.19 CANCER

A number of case-control and cohort epidemiology studies have examined possible associations between
glyphosate exposure and increased cancer risks. These epidemiology studies are summarized in

Table 2-5. The majority of the studies used self-reported (or proxy reported) ever/never glyphosate use as
the biomarker of exposure and some studies have included a metric for frequency of exposure. The
results of these studies should be interpreted cautiously given the lack of monitoring data to quantify
glvphosate exposure and the likely exposure to other pesticides. In studies of Agricultural Health Study
participants, no associations between glyphosate use and the risk of all cancers (De Roos et al. 2005a) or
childhood cancers (Flower et al. 2004) were found. Studies examining the risks of solid tumors have not
found associations for cancers of the lung (De Roos et al. 2005a), oral cavity (De Roos et al. 2003a),
stomach (Lee et al. 2004b), esophagus (Lee et al. 2004b), colon and/or rectum (De Roos et al. 2005a; Lee
et al. 2007), pancreas (Andreotti et al. 2009; De Roos et al. 2005a), kidney (De Roos et al. 2005a),
bladder (De Roos et al. 2003a), prostate (Band et al. 2011; De Roos et al. 2003a; Koutros et al. 2013), or
breast (Engel et al. 2005). Similarly, no associations were found between glyphosate exposure and
melanoma (De Roos et al. 2005a), glioma (Lee et al. 2005; Yiin et al. 2012), or soft tissue sarcoma

(Pahwa et al. 2011).

Numerous studies have focused on the risks of lymphohematopoietic cancers. No associations were
found between glyphosate exposure and the risks of all lymphohematopoictic cancers (De Roos et al.
2005a), leukemia (Brown et al. 1990; De Roos ¢t al. 2005a), hairy cell leukemia (Nordstrom et al. 1998),
multiple myeloma (Brown et al. 1993; De Roos et al. 2005a; Kachuri et al. 2013; Orsi et al. 2009; Pahwa
et al. 2012; Sorahan 2015), specific lymphoma types (Cocco et al. 2013; Eriksson et al. 2008), or
Hodgkin lymphoma (Karunanayake et al. 2012; Orsi et al. 2009). Mixed results have been reported for
non-Hodgkin’s lymphoma risk. Increased risk ratios were reported in some studies (De Roos et al. 2003;
Eriksson et al. 2008; Hardell et al. 2002); other studies have not found associations (De Roos et al. 2005a;
Lee et al. 2004a; McDuffie et al. 2001; Orsi et al. 2009). It is noted that when exposure to other
pesticides was considered in the statistical analyses, associations between glyphosate and non-Hodgkin’s
lymphoma risk were no longer found in the De Roos et al. (2003), Eriksson et al. (2008), and Hardell et
al. (2002) studies.
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Table 2-5. Cancer Outcomes in Humans Exposed to Glyphosate

59

Reference and study population
Solid Tumors
Andreotti et al. 2009

Case-control study of 93 cases of pancreatic

cancer (64 applicators and 29 spouses) and
82,503 controls (52,721 applicators and

29,782 spouses) who participated in in lowa and

North Carolina (Agricultural Health Studyy);

55 cases and 35 controls used for glyphosate

analysis

Exposure

Exposure: any glyphosate exposure

Unconditional logistic regression
adjustments: age group, cigarette
smoking, diabetes, applicator type

Outcomes

Pancreatic cancer
OR 1.1 (0.6-1.7)

Band et al. 2011

Case controls study of 1,516 prostate cancer
cases and 4,994 controls in Canada; 25 cases and

60 controls used for glyphosate analysis

Exposure: any glyphosate exposure

Conditional logistic regression
adjustments: alcohol consumption,
smoking, education, proxy respondent

Prostate cancer
OR 1.36 (0.83-2.25)

De Roos et al. 2005a

Cohort study of 54,315 licensed pesticide

applicators in lowa and North Carolina (Agricultural

Health Study)

Exposure: any glyphosate exposure;
subjects also grouped by cumulative
exposure days of 1-20 days (used as
referent group), 21-56 days, and 57~
2,678 days

Poisson regression adjustments: age,
smoking, other pesticides (colon, pancreas,
kidney, bladder cancers), alcchol
consumption, family history of cancer,
education (subjects were excluded if
covariate data were missing)

All cancers
Ever use: RR 1.0 (0.9-1.2)
21-56 days: RR 1.0 (0.9-1.1)
57-2,678 days: RR 1.0 (0.9-1.1)
Lung
Ever use: RR 0.9 (0.6-1.3)
21-56 days: RR 0.9 (0.5-1.5)
57-2,678 days: RR 0.7 (0.4-1.2)
Oral cavity
Ever use: RR 1.0 (0.5-1.8)
21-56 days: RR 0.8 (0.4-1.7)
57-2,678 days: RR 0.8 (0.4-1.7)
Colon
Ever use: RR 1.4 (0.8-2.2)
21-56 days: RR 1.4 (0.9-2.4)
57-2,678 days: RR 0.9 (0.4-1.7)
Rectum
Ever use: RR 1.3 (0.7-2.3)
21-56 days: RR1.3 (0.7-2.5)
57-2,678 days: RR 1.1 (0.6-2.3)

“*DRAFT — DO NOT CITE OR QUOTE — April 3, 2019***

ED_002435_00006486-00059

Version 2.0



GLYPHOSATE [PAGE]
2. HEALTH EFFECTS

Table 2-5. Cancer Outcomes in Humans Exposed to Glyphosate

Reference and study population Exposure Qutcomes

Pancreas
Ever use: RR 0.7 (0.3-2.0)
21-56 days: RR 1.6 (0.6-4.1)
57-2,678 days: RR 1.3 (0.5-3.6)
Kidney
Ever use: RR 1.6 (0.7-3.8)
21-56 days: RR 0.6 (0.3-1.4)
57-2,678 days: RR 0.7 (0.3-1.6)
Bladder
Everuse: R 1.5 (0.7-3.2)
21-56 days: RR 1.0 (0.5-1.9)
57-2,678 days: RR 1.2 (0.6-2.2)
Prostate
Ever use: RR 1.1 (0.9-1.3)
21-56 days: RR 0.9 (0.7-1.1)
57-2,678 days: RR 1.1 (0.9-1.3)
Melanoma
Ever use: RR 1.6 (0.8-3.0)
21-56 days: RR 1.2 (0.7-2.3)
57-2,678 days: RR 0.9 (0.5-1.8)

Engel et al. 2005 Exposure: any glyphosate exposure Breast cancer

RR 0.9 (0.7-1.1) for all wives in cohort
Prospective study of 30,454 wives of farmers Poisson regression adjustments: age, RR 1.3 (0.8-1.9) among wives who never
participating in the Agricultural Health Study in race, state of residence used pesticides

lowa and North Carolina; 82 cases and

10,016 controls for glyphosate all wives analysis
and 109 cases and 9,304 controls for wives never
using pesticides analysis

Flower et al. 2004 Exposure: any glyphosate exposure Childhood cancer

OR 0.61 (032~1.16), maternal use
Prospective study of 17,357 children whose Logistic regression adjustments: child’s OR 0.84 (0.35-2.34), paternal use
parents were participants in the Agricultural Health age at enrollment, race, state of residence (prenatal)

Study in lowa; 3,321 exposed to glyphosate and
6 cases of childhood cancer
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Koutros et al. 2013 Exposure: any glyphosate exposure; Total prostate cancer
subjects also grouped into 4 quartiles of Q1: RR 0.91 (0.79-1.06)
Nested case-control study of 54,412 pesticide cumulative exposure days Q2: RR 0.96 (0.83-1.12)
applicators (1,962 cases of prostate cancer) in Q3: RR1.01 (0.87-1.17)
lowa and North Carolina (Agricultural Health Poisson regression adjustments: age, Q4: RR 0.99 (0.86-1.15)
Study); 1,464 cases and 42,420 controls used for state, race, family history of prostate cancer, Aggressive prostate cancer
glyphosate analysis smoking, fruit servings, leisure-time physical Q1: RR 0.93 (0.74-1.16)
activity in winter Q2: RR0.91 (0.73-1.13)
This contains some subjects examined by Alavanja Q3: RR 1.01 (0.82-1.25)
et al. (2003) Q4: RR 0.94 (0.75-1.18)
Lee et al. 2004b Exposure: any glyphosate exposure Stomach cancer
OR 0.8 (0.4-1.5)
Case control study of cases of stomach (n=170) or Unconditional logistic regression Esophageal cancer
esophagus (n=137) adenocarcinoma and adjustments: age, sex OR 0.7 (0.3-1.4)

502 controls in Nebraska; 12 cases of stomach
cancer, 12 cases of esophageal cancer, and
46 controls were used for glyphosate analysis

Lee et al. 2005 Exposure: any glyphosate exposure Glioma
OR 1.5 (0.7-3.1), all subjects
Case control study of 251 cases of gliomas and Unconditional logistic regression OR 0.4 (0.1-1.8), seli-reported glyphosate
498 controls in Nebraska; 17 cases and adjustments: age, sex, respondent type use
32 controls (overall) for glyphosate analysis OR 3.1 (1.2-8.2), proxy-reported glyphosate
use
Lee et al. 2007 Exposure: any glyphosate exposure Colorectal cancer
OR 1.2 (0.9-1.6)
Prospective cohort study of 56,813 pesticide Unconditional logistic regression Colon cancer
applicators in lowa and North Carolina (Agricultural adjustments: age, state of residence, OR 1.0 (0.7-1.5)
Health Study); 225 cases and 67 controls, smoking history, total pesticide application  Rectal cancer
151 cases and 49 controls, and 74 cases and days to any pesticide OR 1.6 (0.9-2.9)

18 controls for colorectal, colon, and rectal
cancers, respectively, for glyphosate analysis
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Pahwa et al. 2011 Exposure: any glyphosate exposure Soft tissue sarcoma

OR 0.90 (0.58-1.40)
Case controls study of 357 soft tissue sarcoma Conditional logistic regression
cases and 1,506 controls in Canada; 32 cases and adjustments: age, province of residence,
147 controls were used for glyphosate analysis medical history
Yiinetal. 2012 Exposure: Estimated exposure Glioma

Non-farm jobs: OR 0.83 (0.39-1.73)

Case control study of 798 cases of glioma and Unconditional logistic regression Garden pesticide use: OR 0.98 (0.67-1.43)
1,175 controls in lowa, Michigan, Minnesota, and adjustments: age, 10-year age group, Sex,
Wisconsin (Upper Midwest Health Study); education, farm pesticide use Similar results were found when proxy
12 cases and 19 controls were used for glyphosate respondents were excluded
analysis
Lymphohematopoietic cancers
Brown et al. 1990 Exposure: any glyphosate exposure Leukemia

OR 0.9 (0.5-1.6)
Case-control study of 243 cases of leukemia in Unconditional logistic regression
males and 547 controls in lowa and Minnesota; adjustments: vital status, age, state,
15 cases and 49 controls were used for glyphosate tobacco use, family history of lymphopoietic
analysis cancer, high-risk occupations, high risk

exposures in a logistic analysis

Brown et al. 1993 Exposure: any glyphosate exposure Multiple myeloma

OR 1.7 (0.8-3.8)
Case-control study of 173 cases of multiple Unconditional logistic regression
myeloma in males and 650 controls in lowa; adjustments: vital status, age
11 cases and 40 controls were used for glyphosate
analysis
Cocco et al. 2013 Exposure: any glyphosate exposure B-cell lymphoma:

OR 3.1 (0.6-17.1)
Case control study of 2,348 cases of B-cell Unconditional logistic regression

lymphoma and 2,462 controls in Czech Republic, adjustments: age, sex, education, center
France, Germany, ltaly, Ireland, and Spain,;

4 cases and 2 controls were used for glyphosate

analysis
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Outcomes

De Roos et al. 2003 Exposure: any glyphosate exposure
Case control study of 650 cases of non-Hodgkin’s Logistic regression and hierarchical
lymphoma in adult males and 1,933 male controls regression model adjustments: age,
in Nebraska, lowa, Minnesota, and Kansas; study site, and use of all other pesticides
36 cases and 61 controls were used for glyphosate

analysis

This contains pooled data from Cantor et al.
(1992), Hoar et al. (1986), Lee et al. (2004a), and
Zahm et al. (1990) studies

Non-Hodgkin’s lymphoma

OR 2.1 (1.1-4.0) using logistic regression

OR 1.6 (0.9-2.8) using hierarchical

regression

De Roos et al. 2005a Exposure: any glyphosate exposure;

subjects also grouped by cumulative

Cohort study of 54,315 licensed pesticide exposure days of 1-20 days (used as

applicators in lowa and North Carolina (Agricultural referent group), 21-56 days, and 57—

Health Study); 190, 32, 57, and 92 cases of all 2,678 days

lymphohematopoietic cancers, multiple myeloma,

leukemia, and non-Hodgkin’s lymphoma were used Poisson regression adjustments: age,

in glyphosate analyses smoking, other pesticide, alcohol
consumption, family history of cancer,
education (subjects were excluded if
covariate data were missing)

All lymphohematopoietic cancers
Ever use: RR 1.1 (0.8-1.6)
21-56 days: RR 1.2 (0.8-1.8)
57-2,678 days: RR 1.2 (0.8-1.8)

Multiple myeloma
Everuse: RR 2.6 (0.7-9.4)
21-56 days: RR 1.1 (0.4-3.5)
57-2,678 days: RR 1.9 (0.6-6.3)

Leukemia
Ever use: RR 1.0 (0.5-1.9)
21-56 days: RR 1.9 (0.8-4.5)
57-2,678 days: RR 1.0 (0.4-2.9)

Non-Hodgkin’s lymphoma
Everuse: RR 1.1 (0.7-1.9)
21-56 days: RR 0.7 (0.4-1.4)
57-2,678 days: RR 0.9 (0.5-1.6)

Eriksson et al. 2008 Exposure: any glyphosate exposure
Case control study of 210 cases (adult males and Unconditional logistic regression
females) of non-Hodgkin’s lymphoma and adjustments: age, sex, year of
1,016 controls in Sweden; for glyphosate analyses, diagnosis/enroliment

12 cases and 9 controls for <10 days and 17 cases

and 9 controls for >10 days used for non-Hodgkin’s

lymphoma

Non-Hodgkin’s lymphoma
OR 2.02 (1.10-3.71)

OR 1.51 (0.77-2.94) (with adjustment for

other pesticides)
Exposure of <10 days/year
OR 1.69 (0.70-4.07)
Exposure of >10 days/year
OR 2.36 (1.04-5.37)
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B-cell lymphoma
OR 1.87 (0.99-3.51)
Lymphocytic lymphoma/B-cell lymphoma
OR 3.35 (1.42-7.89)
Follicular, grade Il
OR 1.89 (0.62-5.79)
Diffuse large B-cell lymphoma
OR 1.22 (0.44-3.35)
Other specified B-cell lymphoma
OR 1.63 (0.53-4.96)
Unspecified B-cell lymphoma
OR 1.47 (0.33-6.61)
T-cell lymphomas
OR 2.29 (0.51-10.4)
Unspecified hairy cell leukemia
OR 5.63 (1.44-22.0)

Hardell et al. 2002

Case control study of 515 cases of non-Hodgkin’s
lymphoma and hairy cell leukemia and

1,141 controls in Sweden; 8 cases and 8 controls
used for glyphosate analysis

This contains pooled data from Hardell and
Eriksson (1999) and Nordstrom et al. (1998)

Exposure: any glyphosate exposure

Multivariate analysis adjustments: age,
study site, vital status, exposure to other
pesticides

Non-Hodgkin’s lymphoma or hairy cell leukemia
OR 3.04 (1.08-8.52) (without adjustment for
other pesticides)
OR 1.85 (0.55-6.20) (with adjustment for
other pesticides)

Kachuri et al. 2013

Case control study of 342 male cases of multiple
myeloma and 1,357 controls in Canada; 32 cases
and 121 controls used for glyphosate analysis

Exposure: any glyphosate exposure

Unconditional logistic regression
adjustments: age, province of residence,
use of proxy respondents, smoking,
personal and family medical history

Multiple myeloma

OR 1.19 (0.76-1.87)

OR 0.72 (0.39~1.32), glyphosate use
<2 times/year

OR 2.04 (0.98-4.23), glyphosate use
>2 times/year

Similar results when proxy responders were
excluded from analysis
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Karunanayake et al. 2012

Case control study of 316 male cases of Hodgkin
lymphoma and 1,506 controls in Canada; 38 cases
and 133 controls used for glyphosate analysis

Exposure: any glyphosate exposure Hodgkin lymphoma

OR 0.99 (0.62-1.56)
Conditional logistic regression
adjustments: age, province of residence,

personal and family medical history

Lee et al. 2004a

Case control study of 872 cases of non-Hodgkin’s
lymphoma and 2,381 controls in lowa, Minnesota,
and Nebraska; for glyphosate analyses, 53 cases
and 91 controls for nonasthmatics and 6 cases and
12 controls for asthmatics

These data were used in the pooled analysis by
De Roos et al. (2003)

Exposure: any glyphosate exposure Non-Hodgkin’s lymphoma
OR 1.4 (0.98-2.1), nonasthmatics
Unconditional logistic regression OR 1.2 (0.4-3.3), asthmatics

adjustments: age, state, vital status

McDuffie et al. 2001

Case control study of 517 males cases of non-
Hodgkin’s lymphoma and 1,506 controls in
Canada; 51 cases and 133 controls used for
glyphosate analyses

Exposure: any glyphosate exposure Non-Hodgkin’s lymphoma

OR 1.20 (0.83-1.74)
Conditional logistic regression
adjustments: age, province of residence, Exposure >0 and s2 days/year
medical history (measles, mumps, cancer, OR 1.00 (0.63~1.57)
allergy desensitization shots, positive family Exposure >2 days/year

history of cancer in 1st-degree relative OR 212 (1.20~-3.73)

Nordstrom et al. 1998

Case control study of 111 cases of hairy cell
leukemia and 400 controls in Sweden; adult males;
hairy cell leukemia is a subtype of Non-Hodgkin’s
lymphoma; 4 cases and 5 controls were used for
glyphosate analysis

These data were used in the pooled analysis by
De Roos et al. (2003)

Exposure: any glyphosate exposure (at Hairy cell leukemia
least 1 working day OR 3.1 (0.8-12)

Logistic regression adjustments: age
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Orsi et al. 2009

Case control study of 491 cases of lymphoid
neoplasms (244 cases non-Hodgkin’s lymphoma,
87 cases Hodgkin’s lymphoma, 104 cases of
lymphoproliferative syndromes, 56 cases of
multiple myeloma) and 456 controls in France; for
glyphosate analyses, the number of cases/controls
were 27/24, 12/24, 6/15, 4/18, and 5/18 for
lymphoid neoplasms, non-Hodgkin’s lymphoma,
Hodgkin’s lymphoma, lymphoproliferative
syndrome, and multiple myeloma, respectively

Exposure: any glyphosate exposure

Unconditional logistic regression
adjustments: age, center

Lymphoid neoplasms
OR 1.2 (0.6-2.1)
Non-Hodgkin’s lymphoma
OR 1.0 (0.5-2.2), all subtypes
OR 1.0 (0.3-2.7) for diffuse large cell
lymphoma
OR 1.4 (0.4-5.2) for follicular lymphoma
Hodgkin’s lymphoma
OR 1.7 (0.6-5.0)
Lymphoproliferative syndrome
OR 0.6 (0.2-2.1), all subtypes
OR 0.4 (0.1-1.8) for chronic lymphocytic
leukemia
OR 1.8 (0.3~9.3) for hairy cell leukemia
Multiple myeloma
OR 2.4 (0.8-7.3)

Pahwa et al. 2012

Case controls study of 342 multiple myeloma
cases and 1,506 controls in Canada; 32 cases and
133 controls were used for glyphosate analysis

Exposure: any glyphosate exposure

Conditional Logistic regression
adjustments: age, province of residence,
medical history

Multiple myeloma
OR 1.22 (0.77-1.93)
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Sorahan 2015

Cohort study of 40,719 licensed pesticide

applicators (30,910 glyphosate users) in lowa and
North Carolina (Agricultural Health Study); cohort
excluded workers with missing data for other
pesticide use; glyphosate analyses based on

19 cases and 3 controls

Re-analysis of data reported by De Roos et al.

(2005)

Exposure: any glyphosate exposure;
subjects also grouped by cumulative
exposure days of 1-20 days (used as
referent group), 21-56 days, and 57—~
2,678 days and by intensity weighted
exposure days of 0.1-79.5, 79.6-337.1 ,
and 337.2-18,241

Poisson regression adjustments: age,
smoking, alcohol consumption, family
history of cancer, education, level of use of
some pesticides (2,4-D, alachlor, atrazine,
metolachlor, trifluralin), ever use of other
pesticides (maneb, paraquat, carbaryl,
diazonon, benomyl)

Multiple myeloma

Ever use: RR 2.79 (0.78-9.96)

Ever use: RR 2.21 (0.65-7.48), only
adjusted for age

57-2,678 days: RR 1.38 (0.42-4 .45),
p>0.50 for trend

337.2-18,241 units: RR 1.87 (0.67-5.27),
p=0.18 for trend

OR = odds ratio; RR = relative risk
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Several meta-analyses have been conducted for lymphohematopoictic cancers; the results of these

analyses are presented in Table 2-6. Schinasi and Leon (2014), IARC (2015, 2016) and Chang and

Delzell (2016) conducted independent meta-analyses of non-Hodgkin’s lymphoma data from six
individual studies (De Roos et al. 2003, 2005a; Eriksson et al. 2008; Hardell et al. 2002; McDuffie et al.
2001; Orsi et al. 2009) and estimated meta risk ratios of 1.5 (95% confidence interval [CI] 1.1-2.0),

1.3 (95% C11.03-1.65), and 1.3 (95% CI 1.0-1.6), respectively. Chang and Delzell (2016) performed

meta-analyses for non-Hodgkin’s Iymphoma subtypes (diffuse large B-cell lymphoma, B-cell lymphoma,

chronic lymphocytic leukemia/small lymphocytic leukemia, hairv-cell leukemia), as well as other types of

lymphohematopoietic cancers (leukemia, multiple myeloma, and Hodgkin’s lymphoma). A significant

association was found for B-cell lymphoma (meta risk ratio 2.0; 95% CI 1.1-3.6) based on two studiges;

no significant associations were found for the other tumor types.

Table 2-6. Summary of Meta-Analyses of Results from Studies Examining
Possible Association Between Self-Reported Use of Glyphosate and
Lymphohematopoietic Cancers

Outcome Studies included in analysis Meta-analysis risk Reference
Non-Hodgkin’s De Roos et al. 2003 RR 1.5 (95% Cl1 1.1-2.0) Schinasi and
lymphoma De Roos 2005a 2=327% Leon 2014
Eriksson et al. 2008
Hardell et al. 2002
McDuffie et al. 2001
Orsi et al. 2009
Non-Hodgkin’s De Roos et al. 2003 RR 1.3 (95% CI1 1.03-1.65) IARC 2015,
lymphoma De Roos 2005a I2 = 0.0%, p=0.84 for heterogeneity 2016
Eriksson et al. 2008
Hardell et al. 2002
McDuffie et al. 2001
Orsi et al. 2009
Non-Hodgkin’s De Roos et al. 2003 RR 1.3 (95% C1 1.0~1.6) Chang and
lymphoma De Roos 2005a [2 = 0.0%, p=0.84 for heterogeneity  Delzell 2016
Eriksson et al. 2008
Hardell et al. 2002
McDuffie et al. 2001
Orsi et al. 2009
B-cell Cocco et al. 2013 RR 2.0 (95% Cl1 1.1-3.6) Chang and
lymphoma Eriksson et al. 2008 [2 = 0.0%, p=0.58 for heterogeneity = Delzell 2016
Leukemia Brown et al. 1990 RR 1.0 (95% C10.6-1.5) Chang and
De Roos et al. 2005a I2 = 0.0%2, p=0.92 for heterogeneity Delzell 2016
Kaufman et al. 2009
Multiple Brown et al. 1993 RR 1.4 (95% Cl1 1.0-1.9) Chang and
myeloma Kachuri et al. 2013 [2 = 0.0%, p=0.63 for heterogeneity = Delzell 2016
Orsi et al. 2009
Sorahan 2015
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Table 2-6. Summary of Meta-Analyses of Results from Studies Examining
Possible Association Between Self-Reported Use of Glyphosate and
Lymphohematopoietic Cancers

Outcome Studies included in analysis Meta-analysis risk Reference
Hodgkin’s Karunanayake et al. 2012 RR 1.1 (95% C10.7-1.6) Chang and
lymphoma Orsi et al. 2009 I2 = 0.0%, p=0.36 for heterogeneity  Delzell 2016

22 is a measure of total variance explained by study heterogeneity and measure of inconsistency in results; higher
values indicate greater inconsistency.

Cl = confidence interval; RR = risk ratio

EPA evaluated results from two unpublished rat studies in which the carcinogenicity of glyphosate
technical was assessed and summarized the findings in publicly-available DERs (EPA 1991a, 1991b,
19924).

Groups of weanling Sprague-Dawley rats (50/sex/group) were administered glyphosate technical (98.7%
purity) in the diet for up to 26 months at initial concentrations of 0, 30, 100, or 300 ppm (EPA 1992d).
Based on body weight and food consumption data, concentrations of glyphosate technical were adjusted
to achieve oral doses of 0, 3.05, 10.30, and 31.49 mg/kg/day, respectively, for males and 0, 3.37, 11.22,
and 34.02 mg/kg/dayv, respectively, for females. Incidences of testicular interstitial cell tumors in the
control, low-, mid-, and high-dose male rats were 0/50 (0%), 3/50 (6%), 1/50 (2%), and 6/50 (12%),
respectively (Table 2-7). The incidence in the high-dose males was statistically significant (p=0.013) in
pairwise comparison to the control incidence. Evaluation of historical control incidences resulted in
testicular interstitial cell tumor incidences in the range of 0—12%, with a mean in¢idence of 4.5% (range:
3.4-6.7%) among lifetime studies that employed the same rat strain and were conducted concurrently
with the 26-month study. EPA (1992d) concluded that the incidences were within the normal variation
for this tumor type in the Sprague-Dawley rat strain. EPA (2016a) applied a weight-of-evidence approach
to evaluation of the testicular interstitial cell tumor incidence data. EPA (2016a) noted a lack of evidence
of a monotonic dose response due to greater incidence in the low-dose group compared to the mid-dose
group (although a significant trend [p=0.009] for the testicular interstitial cell tumors was observed), a
lack of testicular interstitial cell tumors (0% incidence) in the control group compared to historical control
incidences in the range of 3.4-6.7% (in which case, the 0% incidence in the control group may have
created an artificial statistically significant increased incidence in the high-dose group), and an absence of
prencoplastic or related nonneoplastic lesions. Based on the weight-of-evidence, EPA (2016a) did not

consider the increases in testicular interstitial cell tumors to be treatment-related.
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Table 2-7. Incidences of Selected Tumors in Sprague-Dawley Rats Administered
Technical Glyphosate (98.7% purity) in the Diet for up to 26 Months

Glyphosate dose (mg/kg/day) Historical control
0 3.05 10.3 31.49 incidence
Male rats
Testes interstitial cell tumors
Interstitial cell tumors  0/50 (0%) 3/50 (6%) 1/50 (8%) 6/502 (12%) 3.4-6.7%
Female rats
Thyroid ¢c-cell tumors
Adenoma 5147 (11%)  3/49 (6%) 6/50 (14%) 3/47 6%) 0-17%
Carcinoma 1/47 (2%) 0/49 (0%) 2/50 (4%) 6/47 (13%) 0-5%
Adenoma or carcinoma 6/47 (13%)  3/49 (6%) 8/50 (16%) 9/47 (19%) 0-17%
(combined)

aSignificantly different from concurrent control according to Fisher's Exact Test (p<0.05).
NA = not applicable; NS = not specified

Sources: EPA 1292d, 2016a

Incidences of thyroid c-cell tumors (adenoma, carcinoma, combined adenoma or carcinoma) in the female
rats are presented in Table 2-7. Incidences of thyroid c-cell carcinomas in female rats were borderline
significantly (p=0.055) increased at the highest dose (6/47 versus 1/47 for controls) (EPA 1992d).
However, the incidence of combined c-cell carcinomas or adenomas was not significantly increased

(9/47 high-dose females versus 6/47 controls). Furthermore, time-to-tumor analysis revealed no sign of a
treatment-related effect. Historical control incidences of spontancous thyroid ¢c-cell tumors in female
Sprague-Dawley rats were as high as 17%. EPA (1992d) concluded that the thyroid c-cell carcinomas in

the high-dose female rats were not compound-related.

In the other rat study, groups of albino Sprague-Dawley rats (60/sex/group) were administered technical
glyphosate (96.5% purity) in the diet at target concentrations of 0, 2,000, 8,000, or 20,000 ppm (mean
measured concentrations of 0, 1,900, 7,600, and 19,000 ppm, respectively) for up to 24 months (EPA
1991a, 1991b). Based on mean body weight and food consumption data, estimated glyphosate doses to
controls and low-, mid-, and high-dose groups were 0, 89, 362, and 940 mg/kg/day, respectively, for the
males and 0, 113, 457, and 1,183 mg/kg/day, respectively, for the females. As shown in Table 2-8, low-
dose (but not mid- or high-dose) males exhibited significantly increased incidences of pancreatic islet cell
adenoma (p=0.015) in pairwise comparison to control incidence (EPA 1991a, 1991b). Incidences of
pancreatic islet cell carcinoma in low-, mid-, and high-dose males were not significantly different from

control incidences. Incidences of combined adenoma or carcinoma among mid-, and high-dose males
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were not significantly different from control incidences. After excluding those male rats that died or were
sacrificed prior to treatment week 55 (before the first adenoma or carcinoma were observed), incidences
of pancreatic islet cell adenoma in the low--dose group remained significantly (p=0.018) higher than
controls. However, exclusion of the early deaths resulted in only borderling significantly increased
incidence of combined adenoma or carcinoma (p=0.052) in the low-dose group. Historical control
incidences for pancreatic islet cell adenoma in male rats from 2-year studies conducted at the same testing
facility ranged from 1.8 to 8.5% (mean 5.3%). In the female rats, no significant differences were
observed between controls and treated rats regarding pancreatic islet cell tumor incidences in pairwise
comparisons with controls. EPA (2016a) applied a weight-of-evidence approach to analysis of evaluation
of the pancreatic islet cell tumor incidence data for the male rats. EPA (2016a) noted that significant
differences in pairwise comparisons between controls and low- and high-dose males may have resulted
from unusually low incidence in the concurrent control group rather than from glyphosate treatment, that
none of the incidences achieved statistical significance after excluding rats that died prior to treatment
week 55 and adjusting for multiple comparisons, that pancreatic islet cell carcinoma was observed only in
the control group, and that there was a lack of supporting prencoplastic or nonneoplastic changes
indicative of a progression from adenoma to carcinoma. Based on the weight of evidence, EPA (2016a)

did not consider the increases in pancreatic islet cell tumors in the male rats to be treatment-related.

Table 2-8. Incidences of Selected Tumors in Albino Sprague-Dawley Rats
Administered Technical Glyphosate (96.5% Purity) in the Diet for 2 Years

Glyphosate dose (mg/kg/day) Historical control
0 89 362 940 incidence
Male rats
Pancreatic islet cell tumors
All deaths considered
Adenoma 1/58 (2%) 8/572 (14%) 5/60 (8%) 7/59 (12%) 1.8-8.5%
Carcinoma 1/58 (2%) 0/57 (0%) 0/60 (0%) 0/59 (0%) NS
Adenoma or carcinoma 2/58 (3%) 8/57 (14%) 5/60 (8%) 7/59 (12%) NA
(combined)
Excluding deaths prior to treatment week 55 (first adenoma at week 81; first carcinoma at week 105)
Adenoma 1/43 (2%) 8/452 (18%) 5/49 (8%) 7/48 (15%) NA
Carcinoma 1/43 (2%) 0/45 (0%) 0/49 (0%) 0/48 (0%) NA
Adenoma or carcinoma  2/43 (2%) 8/45 (18%) 5/49 (10%) 7/48 (15%) NA
(combined)
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Table 2-8. Incidences of Selected Tumors in Albino Sprague-Dawley Rats
Administered Technical Glyphosate {(96.5% Purity) in the Diet for 2 Years

Glyphosate dose (mg/kg/day) Historical control
0 89 362 940 incidence
Thyroid c-cell tumors
All deaths considered
Adenoma 2/60 (3%) 4/58 (7%) 8/58 (14%) 7/60 (12%) 1.8—10.6%
Carcinoma 0/60 (0%) 2/58 (3%) 0/58 (0%) 1/60 2%) NS
Excluding deaths prior to treatment week 55 (first adenoma at week 54, first carcinoma at week 93)
Adenoma 2/54 (4%) 4/55 (7%) 8/58 (14%) 7/58 (12%) NA
Carcinoma 0/54 (0%) 2/55 (4%) 0/58 (0%) 1/58 (1%) NA
Adenoma or carcinoma  2/54 (4%) 6/55 (11%) 8/58 (14%) 8/48 (14%) NA
(combined)
Female rats
Pancreatic islet cell tumors
All deaths considered
Adenoma 5/60 (8%) 1/60 (2%) 4/60 (7%) 0/59 (0%) NS
Carcinoma 0/60 (0%) 0/60 (0%) 0/60 (0%) 0/59 (0%) NS
Adenoma or carcinoma 5/60 (8%) 1/60 (2%) 4/60 (7%) 0/59 (0%) NA
(combined)
Thyroid c-cell tumors
All deaths considered
Adenoma 2/60 (3%) 2/60 (3%) 6/60 (10%) 7/60 (10%) 3.3-10%
Carcinoma 0/60 (0%) 0/60 (0%) 1/60 (2%) 0/60 (0%) 0-2.9%

aSignificantly different from concurrent control according to Fisher's Exact Test (p<0.05).
bMarginally significantly different from concurrent control according to Fisher's Exact Test (p=0.051).

NA = not applicable; NS = not specified

Sources: EPA 1991a, 1991b, 2016a

2 Asshown in Table 2-8, the incidence of thyroid c-cell adenoma in mid-dose (but not low- or high-dose)
3 male rats was marginally significantly (p=0.051) greater than that of controls. Historical control

4 incidences for thyroid c-cell adenoma in male rats ranged from 1.8 to 10.6%. Pairwise comparison with
5  concurrent controls revealed no significant difference between controls and low-, mid-, or high-dose

6  groups regarding incidences of thyroid c-cell adenoma or carcinoma. There were no significant

7 differences between controls and low-, mid-, or high-dose groups regarding incidences of thyroid c-cell
8  adenoma after excluding those male rats that died or were sacrificed prior to week 55 (EPA 2016a). In
9  the female rats, no significant differences were observed between controls and treated rats regarding

10 thyroid c-cell tumor incidences in pairwise comparisons with controls. In a weight-of-evidence approach
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to evaluation of thyroid c-cell tumors, EPA (2016a) noted a lack of statistically significant incidences or
trends for thyroid ¢-cell tumors in glyphosate-treated male rats after excluding those rats that died prior to
treatment week 55, marginally statistically significant trends for adenomas (p=0.040) and adenomas or
carcinomas combined (p=0.042) in female rats in the absence of statistical significance in pairwise
analyses, a lack of monotonic dose-response for incidences and severity of thyroid c-cell hyperplasia, and
a lack of evidence for progression from adenoma to carcinoma. Based on the weight of evidence, EPA

(2016a) did not consider the increases in thyroid tumors to be treatment-related.

EPA evaluated a 2-year mouse dietary study that assessed the potential carcinogenicity of glyphosate
technical (EPA 1985a, 1985b, 1986b, 1993, 2015a, 2016a). The following summary is based on
ATSDR’s evaluation of cancer endpoints summarized in the most recent publicly-available EPA

summaries (EPA 2015a, 2016a).

Groups of CD-1 mice (50/sex/group) were administered technical glyphosate (99.78% purity) for

24 months at doses of 0, 161, 835, or 4,945 mg/kg/day to the males and 0, 195, 968, or 6,069 mg/kg/day
to the females (EPA 1985a, 1985b, 1986b, 1989, 1993, 2013a, 2016a). Guidelings for testing of
chemicals for carcinogenicity generally consider 1,000 mg/kg/day as an upper limit for oral dosing (¢.g.,
OECD Test Guideline 451, available at: http://www.oecd org/chemicalsafety/testing/41753121 pdf). The
highest dose tested in the mouse study far exceeds the upper limit and the mid-dose level approached the
upper limit. There were no treatment-related effects on tumor incidences in the female mice. Table 2-9
shows incidence data for renal tubule tumors in the male mice summarized by EPA (2016a). There were
no statistically significant trends for increased incidence of renal tubule adenoma, carcinoma, or
combined carcinoma or adenoma and no statistically significant differences between groups upon
pairwise analyses. Although renal tubule adenoma is considered rare in male CD-1 mice, EPA (2016a)
noted that a pathology working group (PWG) requested by the Agency evaluated the kidney sections
from the male mice and unanimously concluded that the renal tubule tumors were not glyphosate-related
due to alack of statistical significance in pairwise and trend analyses, lack of multiple renal tumors in any
of the mice, and lack of compound-related nephrotoxic lesions (including preneoplastic changes). The
PWG noted that renal tubular cell tumors are spontaneous lesions for which adequate historical control
data are lacking for male CD-1 mice. Based on a weight-of-evidence approach, EPA (2016a) concurred
with the PWG conclusions that the renal tubular neoplasms in the male CD-1 mice were not treatment-

related.
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Table 2-9. Incidences of Renal Tubular Cell Tumors in Male CD-1 Mice
Administered Technical Glyphosate (99.78% Purity) in the Diet for
up to 24 Months

Dose (mg/kg/day)

0 161 835 4,945
Adenoma 1/49 (2%) 0/49 (0%) 0/50 (0%) 1/50 (2%)
Carcinoma 0/49 (0%) 0/49 (0%) 1/50 (2%) 2/50 (4%)
Adenoma or carcinoma (combined)  1/49 (2%) 0/49 (0%) 1/50 (2%) 3/50 (6%)

Source: EPA 20153, 2016a

Other unpublished animal carcinogenicity studies were evaluated by the International Agency for
Research on Cancer (IARC 2015, 2016), EPA (2016a, 2016b), and other agencies or organizations (e.g.,
APVMA 2017; EFSA 2015, IPCS 1994; NZ EPA 2016; FAO and WHO 2016). These studies have not
been made available to ATSDR for independent review and are therefore not included in this

Toxicological Profile for Glyphosate.

TARC (2015, 2016) evaluated available human and animal carcinogenicity assessments, as well as
mechanistic and genotoxicity data, and classified glyphosate as Group 2A (probably carcinogenic to
humans). This classification is based on IARC’s conclusions that there 1s “/imited evidence” in humans,
“sufficient evidence” in animals, and evidence that glyphosate and glyphosate-based formulations are

genotoxic and capable of inducing oxidative stress.

EPA’s Office of Pesticide Programs also reviewed available human and animal carcinogenicity
assessments, and genotoxicity data (EPA 2016a) as part of a Registration Review for glyphosate. EPA
(2016a) identified 23 epidemiological studies, 15 animal carcinogenicity studies, and nearly

90 genotoxicity studies for glyphosate. EPA (2016a) stated that results from animal carcinogenicity
studies and genotoxicity studies consistently demonstrated a lack of clear association between glyphosate
exposure and cancer. Regarding human data, EPA (2016a) cited a lack of evidence for an association
between exposure to glyphosate and numerous cancer outcomes. However, for assessment of non-
Hodgkin’s lvmphoma, conflicting results and various limitations in the epidemiological studies precluded
a definitive conclusion by EPA regarding a possible association between glyphosate exposure and non-
Hodgkin’s lvmphoma (EPA 2016a). Overall, EPA (2016a) concluded that the weight-of-evidence
provided the strongest support for a classification of “nof likely to be carcinogenic to humans” at doses
relevant to human health risk assessment. EPA solicited the FIFRA Scientific Advisory Panel (SAP) to

consider and review scientific 1ssues associated with the EPA (2016a) evaluation of the carcinogenic
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potential of glyphosate. EPA (2017a) includes meeting minutes and the final report from the FIFRA SAP
review. Some FIFRA SAP panel members agreed with the EPA (2016a) characterization of glyphosate as
“not likely to be carcinogenic to humans,” whereas other panel members considered the descriptor of
“suggestive evidence of carcinogenic potential” to be more appropriate. Many panel members noted the
equivocal nature of the database and expressed desire for additional data on cancer morbidity and/or

mortality from studies of glyphosate-exposed workers.

The European Food Safety Authority evaluated the potential carcinogenicity of glyphosate and concluded
that glvphosate was unlikely to pose a carcinogenic hazard to humans (EFSA 2015). The FAO/WHO
Joint Meeting on Pesticide Residues concluded that glyphosate was unlikely to pose a carcinogenic risk to

humans from dictary exposure (FAO and WHO 2016).

The U.S. Department of Health and Human Services Report on Carcinogens (14™ edition) does not
include an evaluation of glvphosate (NTP 2016).

2.20 GENOTOXICITY

The potential genotoxicity of glvphosate technical and glyphosate formulations has been extensively
evaluated. Results from publicly-available in vitro and in vivo genotoxicity tests for glyphosate technical
are presented in Tables 2-10 and 2-11, respectively. Results from publicly-available in vitro and in vivo

genotoxicity tests for selected glyphosate formulations are presented in Tables 2-12 and 2-13,

respectively.

Table 2-10. Genotoxicity of Glyphosate Technical In Vitro

Test R.esu.lt

Species (test system) purity Endpoint With  Without Reference
Salmonella typhimurium NS Gene mutation - - EPA 1992i
TA98, TA100, TA1535,
TA1537
S. typhimurium TA98, NS Gene mutation - - Kubo et al. 2002
TA100
S. typhimurium TA98, 98% Gene mutation - - Li and Long 1988

TA100, TA1535,
TA1537, TA1538

S. typhimurium TA97, 98.6% Gene mutation - - NTP 1992
TAS8, TA100, TA1535
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Table 2-10. Genotoxicity of Glyphosate Technical In Vitro

Result
Test —
Species (test system) purity Endpoint With  Without Reference
Escherichia coli WP2 98% Gene mutation - - Li and Long 1988
her
Chinese hamster ovary 98% Gene mutation - - Li and Long 1988
cells
Bacillus subtilis rec+, 98% rec assay NT - Li and Long 1988
rec-
Human peripheral blood >98% Chromosomal aberrations NT + Lioi et al. 1998a
lymphocytes
Bovine peripheral blood 298% Chromosomal aberrations NT + Lioi et al. 1998b
lymphocytes
Human peripheral blood >96% Chromosomal aberrations NT - Manfias et al. 2009
lymphocytes
Human peripheral blood >98% Sister chromatid exchange NT (+) Lioi et al. 1998a
lymphocytes
Human peripheral blood 99.9% Sister chromatid exchange NT + Bolognesi et al.
peripheral blood 1997
Bovine peripheral blood 298% Sister chromatid exchange NT (+) Lioi et al. 1998b
lymphocytes
Human peripheral blood 98% Micronuclei +/~ - Miadinic et al.
lymphocytes 2009a
Human peripheral blood 98% Micronuclei +/- - Miadinic et al.
lymphocytes 2009b
Human-derived buccal 95% Micronuclei NT + Koller et al. 2012
epithelial celis
Chinese hamster CHO- NS Micronuclei - + Roustan et al. 2014
K1 cells
Rat hepatocytes 98% Unscheduled DNA NT - Li and Long 1988
synthesis
Human fibroblast 96% DNA damage NT + Alvarez-Moya et al.
CM5757 cells 2014
Human peripheral blood 98.4% DNA damage NT + Lueken et al. 2004
lymphocytes
Human peripheral blood 96% DNA damage NT + Maiias et al. 2009
lymphocytes
Human peripheral blood 98% DNA damage + + Miadinic et al.
lymphocytes 2009a

— = negative result; + = positive result; (+) = weakly positive result; +/— = equivocal result; DNA = deoxyribonucleic
acid; NS = not specified; NT = not tested
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Table 2-11. Genotoxicity of Glyphosate Technical In Vivo

Test

substance
Species (test system)  purity Endpoint Result Reference
Rat (bone marrow) 98% Chromosomal aberrations — Liand Long 1988
Mouse (bone marrow) 98.6% Micronuclei - NTP 1992
Mouse (bone marrow) 99.9% Micronuclei Bolognesi et al. 1997
Mouse (bone marrow) 96% Micronuclei + Maiias et al. 2009
Mouse (bone marrow) NS2 Micronuclei - Rank et al. 1993
Mouse (liver DNA) 99.9% DNA damage + Bolognesi et al. 1997
Mouse (kidney DNA) 99.9% DNA damage + Bolognesi et al. 1997
Mouse (liver DNA) 99.9% Oxidative DNA damage  + Bolognesi et al. 1997
Mouse (kidney DNA) 99.9% Oxidative DNA damage -~ Bolognesi et al. 1997

Mouse (liver, kidney DNA) NS2

DNA adducts

Peluso et al. 1998

Mouse (male germ cells) 98.7%

Dominant lethal mutation

EPA 1892

aTest substance: glyphosate isopropylamine salt.

— = negative result; + = positive result; DNA = deoxyribonucleic acid; NS = not specified

Table 2-12. Genotoxicity of Glyphosate Formulations In Vitro

Test system

Glyphosate

formulation

End point

Result

Activation

With

Without Reference

Salmonella typhimurium  Roundup

TAS8, TA100, TA1535,

TA1537, TA1538

Gene mutation

(composition NS)

- Moriya et al. 1983

S. typhimurium TA98 Roundup (48% Gene mutation - (+)2 Rank et al. 1993
glyphosate
isopropylamine salt)
S. typhimurium TA100 Roundup (48% Gene mutation (+)° - Rank et al. 1993
glyphosate
isopropylamine salt)
S. typhimurium TAS8, Commercial Gene mutation - - Wildeman and
TA100 formulation (NS) Nazar 1982
Escherichia coli WP2 her  Roundup (NS) Gene mutation - - Moriya et al. 1983
Bovine peripheral blood  Glyphosate (62% Chromosomal NT - HoleCkova 2006
lymphocytes isopropylamine salt) aberrations
Bovine peripheral blood  Glyphosate (62% Chromosomal NT - Sivikova and
lymphocytes isopropylamine salt) aberrations Dianovsky 2006
Human peripheral blood  Roundup (glyphosate Sister chromatid NT () Vigfusson and
lymphocytes isopropylamine salt; exchange Vyse 1980
percentage NS)
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Table 2-12. Genotoxicity of Glyphosate Formulations In Vitro

Result

Glyphosate Activation
Test system formulation End point With  Without Reference
Human peripheral blood  Roundup (30.4% Sister chromatid NT + Bolognesi et al.
lymphocytes glyphosate) exchange 1997
Bovine peripheral blood  Glyphosate (62% Sister chromatid + + Sivikova and
lymphocytes isopropylamine salt) exchange Dianovsky 2006
Human-derived buccal Roundup (45% Micronuclei NT + Koller et al. 2012
epithelial cells glyphosate acid)
Bovine peripheral blood  Glyphosate (62% Micronuclei NT (+) Piesova 2004
lymphocytes isopropylamine salt)
Bovine peripheral blood  Glyphosate (62% Micronuclei NT (+) PieSova 2005
lymphocytes isopropylamine salt)
Human GM38 cells Glyphosate (NS) DNA damage NT Monroy et al. 2005
Human HT1080 Glyphosate (NS) DNA damage NT Monroy et al. 2004,
(fibrosarcoma) cells 2005
Human liver HepG2 cells  Grands Travaux DNA damage  NT (+) Gasnier et al. 2009

(40% glyphosate)
Chinese hamster ovary Glyphosate (NS) DNA damage NT + Monroy et al. 2004
cells
E. coli PQ37 Roundup (NS) DNA damage NT + Raipulis et al. 2009

ANeakly positive at 360 pg/plate in one test (4-fold increase in revertants/plate) but not in another test; cytotoxicity at
concentrations 2360 ug/plate.
PWeakly positive at 720 ug/plate (3.3-fold increase in revertants/plate); cytotoxicity at concentrations 2360 ug/plate.

— = negative result; + = positive result; (+) = weakly positive result; NS = not specified; NT = not tested

Table 2-13. Genotoxicity of Glyphosate Formulations In Vivo

Species (test system)

Test substance
(purity)

End point

Result Reference

Drosophila (sex-linked Roundup (glyphosate = Gene mutation + Kale et al. 1995

recessive lethal isopropylamine salt;

mutation assay) purity NS)

Drosophila (somatic Roundup (NS) Gene mutation + Ramos-Morales et al.

mutation assay) 2008

Mouse (bone marrow) Roundup (9.8% active Chromosomal - Dimitrov et al. 2006
ingredient) aberrations

Mouse (bone marrow) Roundup (>41% Chromosomal + Prasad et al. 2009

glyphosate
isopropylamine salt)

aberrations

Mouse (bone marrow)

Roundup (48%
glyphosate
isopropylamine salt)

Micronuclei

Rank et al. 1993
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Table 2-13. Genotoxicity of Glyphosate Formulations /n Vivo

Test substance

Species (test system) (purity) End point Result Reference

Mouse (bone marmrow) Roundup (30.4% Micronuclei + Bolognesi et al. 1997
glyphosate)

Mouse (bone marrow) Roundup (9.8% Micronuclei - Dimitrov et al. 2006
glyphosate)

Mouse (bone marrow) Roundup (>41% Micronuclei + Prasad et al. 2009
glyphosate
isopropylamine salt)

Mouse (bone marrow) Roundup (48% Micronuclei - Grisolia 2002
glyphosate
isopropylammonium
salt; 12%
polyoxyethylene amine)

Mouse (bone marmrow) Roundup (NS) Micronuclei + Rodrigues et al. 2011

Mouse (liver DNA) Roundup (30.4% DNA damage + Bolognesi et al. 1997
glyphosate)

Mouse (kidney DNA) Roundup (30.4% DNA damage + Bolognesi et al. 1997
glyphosate)

Mouse (liver DNA Roundup (30.4% Oxidative DNA - Bolognesi et al. 1997
glyphosate) damage

Mouse (kidney DNA) Roundup (30.4% Oxidative DNA + Bolognesi et al. 1997
glyphosate) damage

Mouse (liver, kidney Roundup (30.4% DNA adducts + Peluso et al. 1998

DNA) glyphosate
isopropylammonium
salt)

+ = positive result; — = negative result; DNA = deoxyribonucleic acid; NS = not specified

Glyphosate Technical. Glyphosate did not induce gene mutations either with or without exogenous
metabolic activation in numerous bacterial assays, or in assays using mammalian cells (EPA 19921, Kubo
etal. 2002; Li and Long 1988; NTP 1992). Lioi et al. (1998a, 1998b) reported concentration-related
significant increases in chromosomal aberrations in human and bovine peripheral blood lymphocytes
exposed to glyphosate, although concomitant decreases in mitotic index were indicative of some degree
of cytotoxicity at least at the highest glyphosate concentrations. Maiias et al. (2009) found no evidence of
glyphosate-induced chromosomal aberrations in human peripheral blood lymphocvtes. Glyphosate was
positive for induction of sister chromatid exchange in one assay using human peripheral blood
lymphocytes (Bolognesi et al. 1997); weakly positive responses were obtained in other assays using
human lvmphocytes (Lioi et al. 1998a) and bovine lymphocytes (Lioi et al. 1998b). There was some
evidence of cytotoxicity in the assays of Lioi et al. (1998a, 1998b). Glyphosate did not induce

micronuclei in human peripheral blood lymphocytes exposed to glyphosate in the absence of exogenous
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metabolic activation; an equivocal result was obtained in the presence of exogenous metabolic activation
(Mladinic et al. 2009a, 2009b). The result was considered equivocal due to significant apoptosis at
concentrations resulting in significantly increased micronuclei frequency. Koller et al. (2012) reported
significantly increased frequency of micronuclei in an assay using human-derived buccal epithelial cells
exposed to glyphosate. Roustan ¢t al. (2014) reported significantly increased micronuclei frequency in
Chinese hamster ovary K1 cells exposed to glyphosate without (but not with) exogenous metabolic
activation. Negative results were obtained in an assay that evaluated the potential for glyphosate to
induce unscheduled DNA synthesis in rat hepatocvtes (Li and Long 1988). Maiias et al. (2009) and
Lueken et al. (2004) reported positive results for DNA damage in glyphosate-exposed human peripheral
blood Iymphocytes. Exposure concentration-related significantly increased frequency of DNA damage
was observed in another assay of glyphosate-exposed human peripheral blood lymphocytes, although
significant apoptosis observed at all concentrations resulting in increased DNA damage (Mladinic et al.
2009a). Alvarez-Moya et al. (2014) reported DNA damage in human fibroblast CM5757 cells exposed to

glyphosate technical.

The genotoxicity of glyphosate technical has been evaluated in a number of in vivo tests. Glyphosate did
not induce chromosomal aberrations in bone marrow cells from rats administered glyphosate via
intraperitoneal injection at 1,000 mg/kg (Li and Long 1988). Glyphosate did not increase the frequency
of micronuclei in bone marrow cells from B6C3F1 mice administered glyphosate in the diet for 13 weeks
at concentrations resulting in estimated doses as high as 10,780-11,977 mg/kg/day (NTP 1992) or other
mice administered glyphosate (as isopropylammonium salt) via two intraperitoneal injections 24 hours
apart (Rank et al. 1993). Kier and Kirkland (2013) summarized results from 10 industry studies that
evaluated frequency of micronuclei in bone marrow cells from mice or rats administered glyphosate
orally or via intraperitoneal injection; results were consistently negative for glyphosate-induced
micronuclei, although an inconclusive result was determined for one study. However, other investigators
reported positive results for micronuclei induction in bone marrow cells from mice administered
glyphosate via intraperitoneal injection by single 300 mg/kg dose (Bolognesi et al. 1997) or two

200 mg/kg doses 24 hours apart (Maiias et al. 2009). Bolognesi et al. (1997) reported significantly
increased frequency of DNA damage (single strand breaks) in liver and kidney and significantly increased
frequency of oxidative DNA damage in liver (but not kidney) from mice administered glyphosate via
single intraperitoneal injection at 300 mg/kg. Peluso et al. (1998) found no evidence of the formation of
DNA adducts in liver or kidney from mice following intraperitoneal injection of glyphosate (as

1sopropylammeonium salt) at up to 270 mg/kg.
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Glyphosate Formulations. Glyphosate formulations (active ingredient ranging from approximately 30 to
62% of the formulation) were not mutagenic to bacterial test systems in available published studies
(Moriva et al. 1983; Wildeman and Nazar 1982), numerous unpublished industry studies summarized by
Kier and Kirkland (2013), or several other studies summarized by Williams et al. (2000). Weakly
positive results were obtained for Sa/monelia typhimurium strain TA98 in the absence (but not presence)
of exogenous metabolic activation and strain TA100 in the presence (but not absence) of exogenous
metabolic activation (Rank et al. 1993); however, the positive responses were observed at concentrations
exhibiting cvtotoxicity and in only one of two tests in strain TA98. A Roundup formulation (described as
62% glyphosate isopropylamine salt) did not induce chromosomal aberrations in bovine peripheral blood
lymphocytes in two assays that employed 24-hour exposures (Holegkova 2006; Sivikova and Dianovsky
2006); however, a significant increase in sister chromatid exchange was noted both with and without
exogenous metabolic activation (Sivikova and Dianovsky 2006). A slight, (statistically significant) 1.1—
1.3-fold increase in frequency of sister chromatid exchange was observed in human peripheral blood
lymphocytes exposed to a Roundup formulation that included an unspecified proportion of glyphosate as
the 1sopropylamine salt (Vigfusson and Vyse 1980). Bolognesi et al. (1997) reported significantly
increased sister chromatid exchange (1.3-1.5-fold greater than that of controls) in human peripheral blood
lymphocytes exposed to a Roundup formulation (30.4% glyphosate; other components not specified) for
72 hours at concentrations of 0.1 and 0.33 mg/mlL.. The magnitude of this effect was comparable to that
obtained using analytical-grade glyphosate at 10 times the concentration of the Roundup formulation,
indicating that other substances in the Roundup formulation may have been at least partly responsible for
the effect. In two assays, Roundup formulation (62% glyphosate isopropylamine salt) induced
micronuclei in cultured bovine peripheral blood lymphocytes at noncytotoxic concentrations (PieSova
2004, 2005). Koller et al. (2012) reported significantly increased numbers of micronuclei in human-
derived buccal epithelial cells exposed to a Roundup formulation (45% glyphosate acid) for 20 minutes,
including concentrations that were noncytotoxic; this effect was more pronounced than that resulting from
similar treatment using analytical grade glyphosate. A weakly positive result for DNA damage was
reported for human liver HepG2 cells exposed to a Roundup formulation that contained 40% glyphosate
(Gasnier et al. 2009). Exposure to non-specified concentrations of glyphosate resulted in treatment-
related DNA damage in Escherichia coli PQ37 cells (Raipulis et al. 2009), human GM38 cells (Monroy
et al. 2005), human HT1080 (fibrosarcoma) cells (Monroy et al. 2004, 2005), and Chinese hamster ovary
cells (Monroy et al. 2004).

Several studies were designed to evaluate the genotoxicity of selected glyphosate formulations 77 vivo.

Roundup of unspecified composition induced mutations in Drosophila in a sex-linked recessive lethal
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mutation assay (Kale et al. 1995) and a somatic mutation assay (Ramos-Morales et al. 2008). The
potential for selected Roundup formulations to induce chromosomal aberrations and/or micronuclei in
bone marrow cells has been assessed in several studies in which test chemical was administered to mice
via intraperitoneal injection. Roundup (9.8% active ingredient) did not induce chromosomal aberrations
or micronuclei in mice administered the test chemical at one-half the LDso (1,080 mg/kg) (Dimitrov et al.
2006). Although administration of a Roundup formulation (>41% glyphosate isopropylamine salt) at

235 and 50 mg/kg resulted in significantly increased frequencies of chromosomal aberrations and
micronuclei, both doses appeared to be cytotoxic, as indicated by time- and dose-related significant
decreases in mitotic indices (Prasad et al. 2009). Rodrigues et al. (2011) reported significantly increased
micronucleus frequency at doses of 0.754 and 1.28 mg/kg for a Roundup formulation presumed to have
contained 48% glyphosate as active ingredient; the response was as pronounced as that of a positive
control substance (250 mg cyclophosphamide/kg). A Roundup formulation containing 30.4% glyphosate
isopropylammonium salt induced micronuclei in bone marrow from mice administered the chemical via
intraperitoneal injection at 300 mg/kg (expressed as glvphosate) (Bolognesi et al. 1997). Negative results
were reported in two other studies that evaluated micronuclei induction in bone marrow cells from mice
treated by intraperitoneal injection of Roundup formulations containing 48% glyphosate isopropylamine
salt (Grisolia 2002; Rank et al. 1993). In the study of Grisolia (2002), polvoxyethylene amine surfactant
accounted for 12% of the formulation. A Roundup formulation containing 30.4% glyphosate
1sopropylammonium salt induced single-strand breaks in DNA from liver and kidney of mice
administered the chemical via intraperitoneal injection at 300 mg/kg (expressed as glyphosate) and
oxidative DNA damage in kidney (but not liver) cells (Bolognesi et al. 1997). Peluso et al. (1998)
reported the formation of DNA adducts in liver and kidney from mice following intraperitoneal injection
of a Roundup formulation (30.4% glyphosate isopropylammonium salt) at doses in the range of 122
182 mg active ingredient/kg. The DNA adduct formation was considered likely related to other
components of the Roundup formulation because DNA adduct formation was not observed in mice

similarly treated with analytical-grade glyphosate at 270 mg/kg.

Exposure to glvphosate-containing products and evidence of genetic damage was reported in limited
human studies. At 2 weeks to 2 months following aerial applications of glyphosate formulations in a
region of northern Ecuador, DNA damage (strand breaks) was reported in blood samples collected from
24 area residents (Paz-y-Miiio et al. 2007). Evaluation of 92 individuals from 10 communities near the
northern Ecuador border at 2 years following the last acrial applications of glyphosate-containing
herbicides revealed no evidence of exposure-related chromosomal damage (Paz-y-Mifio et al. 2011).

Bolognesi et al. (2009) reported increases in micronuclei in peripheral blood lymphocytes from nearby
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residents following aerial spraying of glyphosate-based formulation with adjuvant to coca and poppy

crops, or without adjuvant on sugar-cane plantations.

Additional unpublished genotoxicity assays were submitted to EPA and/or the European Commission
(EC) during re-registration of products containing glyphosate. Most agencies, organizations, and/or
expert panels have reviewed available genotoxicity data and concluded that the data do not support a
genotoxicity role for glyphosate, at least at concentrations relevant to human exposure (¢.g., APVMA
2017; Brusick et al. 2016; EPA 2016a; Kier and Kirkland 2013; NZ EPA 2016; FAO and WHO 2016).
However, IARC (2015, 2016) concluded that there is strong evidence for the genotoxicity of glyphosate.
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I CHAPTER 3. TOXICOKINETICS, SUSCEPTIBLE POPULATIONS,

2 BIOMARKERS, CHEMICAL INTERACTIONS

3

4 3.1 TOXICOKINETICS

5

6  Toxicokinetic data for glyphosate are summarized below.

7 e Glyphosate 1s readily absorbed from the gastrointestinal tract; very little glyphosate is absorbed

8 through the skin; it is assumed that glyphosate is readily absorbed from the respiratory tract.

9 ¢ Absorbed glyphosate is readily distributed via the blood, but does not accumulate in any
10 particular organ or tissue.
11 e  Glyphosate does not undergo significant metabolism in mammals; <1% is metabolized to AMPA.
12 e  Approximately two-thirds of an oral dose of glyphosate is excreted in the feces as unabsorbed
13 parent compound. Most absorbed glyphosate is rapidly excreted in the urine as parent compound.
14

15 3.1.1 Absorption

16
17  3.1.1.1 Inhalation Exposure
18

19 Limited information is available regarding the toxicokinetics of inhaled glyphosate. Observations of

20 increased urinary glyphosate levels among 48 farmer-applicators following application of Roundup is

21 evidence that inhaled glyphosate can be absorbed (Acquavella et al. 2004). However, dermal absorption
22 was likely involved in some cases because mean urinary glyphosate was higher among those farmers

23 (14/48) who did not use rubber gloves. Detectable levels of urinary glyphosate were also measured in
24 children of the farmers who were present during mixing, loading, or application of the herbicide;

25 exposures among the children may have involved inhalation and/or dermal routes. No information was
26  located regarding the toxicokinetics of inhaled glyphosate in among laboratory animals.

27

28  3.1.1.2 Oral Exposure
29

30 Information regarding the toxicokinetics of ingested glvphosate in humans is limited. The detection of
31  glyphosate in serum and/or urine samples from individuals who had intentionally or unintentionally

32 ingested glvphosate-containing products is confirmation of absorption from the gastrointestinal tract

33 (c.g.. Hiraiwa et al. 1990; Hori et al. 2003; Sribanditmongikol et al. 2012; Zouaoui et al. 2013).

34  Numerous reports of systemic effects following intentional or unintentional ingestion of glyphosate-

35  containing products serve as additional evidence that ingested glyphosate is absorbed (e.g., Chang and
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1 Chang 2009; Chen et al. 2009; Hsiao et al. 2008; Kim et al. 2014; Lee et al. 2000; Menkes et al. 1991,
Moon and Chun 2010; Roberts et al. 2010; Sato et al. 2011; Sawada et al. 1988; Serenson and Gregersen
1999; Stella and Ryan 2004; Talbot et al. 1991; Tominack et al. 1991).

Several groups of investigators have evaluated the absorption of glyphosate following oral exposure of
6  laboratory animals, particularly rats. In one study (NTP 1992), male F344/N rats were administered a
single gavage dose of *C-glyphosate (purity 99%) in distilled water at 5.6 or 56 mg/kg. Other rats were
8  administered a single dose of glyphosate at 5.6 mg/kg via intravenous injection, intraperitoneal injection,
9  ororal (gavage) to compare 24-hour urinary and fecal elimination by these administration routes. Results
10 from comparative studies of oral, intravenous, and intraperitoneal administration of glyphosate indicated
11 that urinary radioactivity represented the amount of glyphosate absorbed and fecal radioactivity
12 represented the amount of unabsorbed glyphosate following oral exposure. Although quantitative data
13 were not included in the study report, the study authors estimated that 30% of the 5.6 mg/kg dose of
14 C-glyphosate was absorbed and that a relatively higher percentage of the 56 mg/kg dose was absorbed.
15 In another study, male Sprague-Dawley rats were single gavage dose of '2C- and *C-glyphosate at
16 10 mg/kg (Brewster et al. 1991). Based on urinary radioactivity, it was estimated that 35-40% of the oral
17 dose had been absorbed from the gastrointestinal tract. Anadén et al. (2009) reported an absorption half-
18 life of 2.29 hours following administration of an oral dose of 400 mg glyphosate/kg to rats; an estimated
19 peak plasma glyphosate of 4.62 pg/mL was reached at 5.16 hours postdosing. Results from a number of
20 unpublished industry studies cited in EPA (1993), IPCS (1994), and/or Williams et al. (2000), but not
21 publicly available, demonstrate that single or repeated oral dosing of glyphosate to rats at doses in the
22 range of 10-1,000 mg/kg/day result in urinary excretion of 14-36% of the administered dose during up to
23 7 days of posttreatment, which presumably represents the proportion of absorbed glyphosate.
24

25 3.1.1.3 Dermal Exposure
26

27 Invitro studies using human skin samples indicate that dermal penetration of glyphosate is very low.

28  Wester et al. (1996) applied 300 uL of a 1% aqueous dilution of analytical-grade *C-labeled glyphosate
29  to human cadaver skin (0.8 cm? of available skin area). The study authors reported a permeability

30  constant of 4.59x10* cm/hour, with a lag time of 10.48 hours, which resulted in a calculated flux of

31  4.12 pg glyphosate/hour. Wester et al. (1991) used a *C-labeled Roundup formulation (1.1 mg

32 glyphosate/mL) to evaluate dermal absorption of glyphosate through human skin (77 vitro) and abdominal
33 skin of Rhesus monkeys (in vivo). Undiluted application to human skin samples at doses ranging from

34 154 to 154 pg/em? resulted in 0-0.4% dermal absorption over 8 hours postapplication; dermal absorption
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of glyphosate from aqueous dilutions of test substance (1:20 or 1:32 test substance:water, v/v) during

16 hours postapplication was <2.2%. Twelve-hour in vive application of the test substance diluted

1:29 with water at concentrations of 25 or 270 pg/cm? resulted in 7-day recovery of 2.2 and 0.8 % of the
applied dose, respectively, in the urine and 3.6 and 0.7%, respectively, in the feces. These results indicate

that approximately 3-4% of the applied dose had been absorbed.

3.1.2 Distribution
3.1.2.1 Inhalation Exposure

No human or animal data were located regarding distribution of glyphosate following absorption via the

inhalation exposure route.

3.1.2.2 Oral Exposure

No human data were located regarding distribution of glyphosate following absorption via the oral

exposure route.

In male F344/N rats administered single gavage dose of *C-glyphosate (purity 99%) in distilled water at
5.6 or 56 mg/kg, peak blood radioactivity occurred at | and 2 hours postdosing, respectively, mean peak
blood concentration was 30-fold higher in the high-dose group (NTP 1992). Among rats gavaged at

5.6 mg radiolabeled glyphosate/kg and evaluated for tissue distribution, total tissue radioactivity
amounted to approximately 12, 11.7, 5.5, 0.9, and 0.1% of the administered dose at 3, 6, 12, 24, and

96 hours postdosing, respectively. The highest radioactivity level was found in the small intestine,
reaching a peak level of approximately 10% of the administered dose at 6 hours postdosing; radioactivity
in the large intestine peaked at approximately 1.2% at 3 hours postdosing. Liver, kidney, skin, and blood
each accounted for <1% of the administered dose at each time point. By 24 hours postdosing, <1% of the
administered dose remained in all tissues combined. Brewster et al. (1991) administered '2C- and
“C-glyphosate by single gavage dose at 10 mg/kg to male Sprague-Dawley rats and found approximately
34% of the administered dose in the small intestine (not associated with intestinal content) at 2 hours
postdosing, decreasing to 0.05% of the administered dose by 96 hours postdosing. Radioactivity levels in
most other tissues (blood, colon, kidney, liver, stomach, abdominal fat, testicular fat) peaked at 2-6 hours
postdosing; each of these tissues accounted for <1.3% of the administered dose at peak and <0.06% by

96 hours postdosing. Radioactivity in bone peaked at 6 hours postdosing (4.7% of the administered dose)

and remained at 1.7% at 96 hours postdosing. The tissue to blood ratio for bone increased with time

“*DRAFT — DO NOT CITE OR QUCTE —[ DATE\@ "MMMM d, yyyy" *** Version 2.0

ED_002435_00006486-00086



GLYPHOSATE [PAGE]

3. TOXICOKINETICS, SUSCEPTIBLE POPULATIONS, BIOMARKERS, CHEMICAL INTERACTIONS

1 suggesting a slower elimination from bone compared to blood. Anadon et al. (2009) reported an

2 absorption half-life of 2.29 hours following administration of an oral dose of 400 mg glyphosate/kg to
3 rats; an estimated peak plasma glyphosate of 4.62 pg/mL was reached at 5.16 hours postdosing.

4

5  3.1.2.3 Dermal Exposure

6

7  No human data were located regarding distribution following dermal exposure to glyphosate.

8

9  Limited animal data are available. The observation of radioactivity in urine and feces collected from
10 rhesus monkeys following dermal application of a *C-labeled Roundup formulation (1.1 mg
11 glyphosate/mL; diluted 1:29 with water) is demonstration of systemic distribution following dermal
12 absorption (Wester et al. 1991). However, at sacrifice 7 days posttreatment, no radioactivity was detected
13 in spleen, ovaries, kidney, brain, abdominal fat, bone marrow, upper spinal column, or central nervous
14 flud.
15

16  3.1.2.4 Other Routes of Exposure
17

18  Male and female Sprague-Dawley rats were administered “C-glyphosate via intraperitoneal injection at
19 1,150 mg/kg (EPA 1992h). Radioactivity measured in bone marrow samples taken 30 minutes

20 postinjection amounted to approximately 0.0044 and 0.0075% of the administered activity for the males
21  and females, respectively. Anaddn et al. (2009) administered glyphosate (95% purity) to male Wistar rats
22 viaintravenous injection at 100 mg/kg. Plasma levels of glyphosate and its metabolite, AMPA, were

23 measured using high-performance liquid chromatography (HPLC). Reported fast plasma distribution

24 (half-life of 0.345 hours) and high volume of distribution at steady state (2.99 L/kg) were interpreted to
25 indicate that glyphosate was extensively distributed to extravascular tissues.

26

27 3.1.3 Metabolism
28

29 Glyphosate does not undergo significant metabolism in mammals. Available data are limited to the oral
30 exposure route and indicate that ingested glyphosate is eliminated mostly as parent compound; only a
31  small amount may be metabolized to AMPA. Figure 3-1 depicts the chemical structures of glyphosate
32 and AMPA. In on¢ human case of intentional ingestion of an herbicide in a suicide attempt, glvphosate
33  and its metabolite, AMPA, were detected in serum and urine (Hori et al. 2003). At 16 hours

34 postingestion, serum levels of glyphosate and AMPA were 4.4 and 0.03 ug/mL, respectively (147:1,
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glvphosate: AMPA). Total urinary excretion of glyphosate and its metabolite during 4 days postingestion
was 3.7 g and 25 mg, respectively (148:1, glyphosate: AMPA).

Figure 3-1. Chemical Structures of Glyphosate and Aminomethylphosphonic

Acid (AMPA)
0] 0 o
HO // H HO_ p// \H
PN N~ 2
/ OH /
HO HO
Glyphosate Aminomethylphosphonic acid (AMPA)

Results from available animal studies also indicate that very little ingested glyphosate is metabolized.
Anadon et al. (2009) administered glyphosate (95% purity) to male Wistar rats by gavage at 400 mg
glyphosate/kg. Plasma glvphosate peaked at 5.16 hours postdosing and measured 4.62 ug/mL; plasma
AMPA peaked at 2.42 hours postdosing and measured 0.416 pg/mL. Based on the ratios between the
area under the curve (AUC) for AMPA and the AUC for glyphosate, it was estimated that the metabolite
represented 6.49% of the parent compound plasma concentration. In an unpublished study summarized
by EPA (1993) and Williams et al. (2000), following oral administration of radiolabeled glyphosate
(>99% purity) to Sprague-Dawley rats at 10 mg/kg, the glyphosate metabolite (AMPA) was detected in
the urine (0.2-0.3% of the administered dose) and feces (0.2-0.4% of the administered dose). The
formation of AMPA was thought to have occurred in the gastrointestinal tract (possibly by microflora)
because AMPA was not detected in other rats administered glyphosate via intravenous injection.
Following a single gavage dose of administered radiolabeled glyphosate (>99% purity) to Sprague-
Dawley rats, expired air accounted for <0.27% of the administered radioactivity at 24 hours postdosing,

mdicating that glyphosate metabolism had occurred to a slight extent (EPA 1993).

3.1.4 Excretion
3.1.4.1 Inhalation Exposure

Limited information is available regarding elimination and excretion of glyphosate following inhalation
exposure. In one study, urinary glyphosate levels were evaluated in 48 farmer-applicators prior to
application of Roundup, immediately following application, and for 3 days thereafter. Urinary glyphosate

was detectable in 15% (7/47) of the farmers prior to Roundup application, in 60% (29/48) of the farmers
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1 immediately following application, and in only 27% (13/48) of the farmers on postapplication day 3. No
information was located regarding elimination or excretion following inhalation exposure of laboratory

animals to glvphosate.

3.1.4.2 Oral Exposure

AN W e W N

~3

Glyphosate has been detected in feces and urine of individuals who intentionally or accidentally ingested
8  relatively large amounts of glvphosate. However, no quantitative data were located regarding elimination
9  and excretion in humans following oral exposure to glyphosate.

10

11 Results from animal studies identify the feces and urine as major routes of elimination following oral

12 exposure to glyphosate. For example, among male and female Sprague-Dawley rats administered

13 "“C-glyphosate (99% purity) via single gavage dose at 10 mg/kg, during 7 days posttreatment,

14 radioactivity recovered in the feces averaged 62.4 and 69.4% of the administered dose (males and

15 females, respectively); another 28.6 and 22 5% of the administered dose (males and females, respectively)

16  was recovered in the urine (IPCS 1994). Thus, feces and urine accounted for approximately 88-91% of

17 the administered dose. HPLC analysis revealed that parent compound accounted for 98.5-99.3% of the

18  radioactivity in feces and urine. There were no significant differences in fecal and urinary excretion

19  among rats dosed with unlabeled glyphosate for 14 days followed by a single oral dose of radiolabeled

20  glyphosate. Following single gavage dosing of “C-glyphosate (>96% purity) to male and female

21  Sprague-Dawley rats at 30 mg/kg, the feces accounted for 57-59% of the administered radioactivity and

22 the urine accounted for 27-29% during the first 36 hours posttreatment; indicating that fecal and urinary

23 excretion occur relatively rapidly following oral exposure to glyphosate (IPCS 1994). In male F344/N

24 rats administered single gavage dose of *C-glyphosate (purity 99%) in distilled water at 5.6 or 56 mg/kg,

25 72-hour collection of feces and urine resulted in the recovery of 91-92% of the administered

26  radioactivity; 74 and 19%, respectively, at the low dose and 58 and 34%, respectively, at the high dose

27 (NTP 1992). Very little ingested glyphosate is eliminated via routes other than feces and urine. Among

28  Sprague-Dawley rats administered radiolabeled glyphosate (>99% purity) by single gavage dose, <0.27%

29 of'the administered radioactivity was recovered in expired air at 24 hours postdosing (EPA 1993).

30

31 3.1.4.3 Dermal Exposure
32

33  No information was located regarding elimination or excretion following known dermal exposure to
34  glyphosate in humans. However, in a study that evaluated urinary glyphosate levels in 48 farmer-

35  applicators involved in application of Roundup, mean urinary glyphosate was higher among those farmers
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(14/48) who did not use rubber gloves, indicating that some glyphosate had been absorbed through the
skin (Acquavella et al. 2004). Limited information is available for laboratory animals. Wester ¢t al.
(1991) applied a *C-labeled Roundup formulation (1.1 mg glyphosate/mL; diluted 1:29 with water) to
evaluate dermal absorption of glyphosate through abdominal skin of Rhesus monkeys (in vivo). Twelve-
hour application of the test substance at concentrations of 25 or 270 ug/cm? resulted in 7-day recovery of

2.2 and 0.8% of the applied dose, respectively, in the urine and 3.6 and 0.7%, respectively, in the feces.

3.1.4.4 Other Routes of Exposure

Male and female Sprague-Dawley rats were administered “C-glyphosate via intraperitoneal injection at
1150 mg/kg (EPA 1993). Assuming first-order kinetics, the half-life of elimination from the bone
marrow was estimated at 7.6 and 4.2 hours for the males and females, respectively. A half-life for
climination of radioactivity from plasma was approximately 1 hour for both sexes. These results indicate
that glyphosate reaching the blood was rapidly eliminated and that the small fraction reaching bone
marrow was rapidly eliminated. Anadén et al. (2009) reported a half-time of 9.99 hours for elimination of
glyphosate from the blood of male Wistar rats administered glyphosate (95% purity) via intravenous

injection at 100 mg/kg.

3.1.5 Physiologically Based Pharmacokinetic (PBPK)/Pharmacodynamic (PD) Models

PBPK models use mathematical descriptions of the uptake and disposition of chemical substances
to quantitatively describe the relationships among critical biological processes (Krishnan et al.
1994). PBPK models are also called biologically based tissue dosimetry models. PBPK models are
increasingly used in risk assessments, primarily to predict the concentration of potentially toxic
moieties of a chemical that will be delivered to any given target tissue following various
combinations of route, dose level, and test species (Clewell and Andersen 1985). Physiologically
based pharmacodynamic (PBPD) models use mathematical descriptions of the dose-response

function to quantitatively describe the relationship between target tissue dose and toxic endpoints.

PBPK models for glyphosate were not located.

3.1.6 Animal-to-Human Extrapolations

No information was located to suggest significant differences between animals and humans regarding

glyphosate toxicity.
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3.2 CHILDREN AND OTHER POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE

This section discusses potential health effects from exposures during the period from conception to
maturity at 18 vears of age in humans. Potential effects on offspring resulting from exposures of
parental germ cells are considered, as well as any indirect effects on the fetus and neonate resulting
from maternal exposure during gestation and lactation. Children may be more or less susceptible
than adults to health effects from exposure to hazardous substances and the relationship may

change with developmental age.

This section also discusses unusually susceptible populations. A susceptible population may exhibit
different or enhanced responses to certain chemicals than most persons exposed to the same level of
these chemicals in the environment., Factors involved with increased susceptibility may include
genetic makeup, age, health and nutritional status, and exposure to other toxic substances (e.g.,
cigarette smoke). These parameters can reduce detoxification or excretion or compromise organ

function.

Populations at greater exposure risk to unusually high exposure levels to glyphosate are discussed

in Section 5.7, Populations with Potentially High Exposures.

No information was located to indicate significant age- or gender-related differences in susceptibility to

glyphosate toxicity.

3.3 BIOMARKERS OF EXPOSURE AND EFFECT

Biomarkers are broadly defined as indicators signaling events in biologic systems or samples. They
have been classified as biomarkers of exposure, biomarkers of effect, and biomarkers of

susceptibility (NAS/NRC 1989).

A biomarker of exposure is a xenobiotic substance or its metabolite(s) or the product of an
interaction between a xenobiotic agent and some target molecule(s) or cell(s) that is measured
within a compartment of an organism (NAS/NRC 1989). The preferred biomarkers of exposure are
generally the substance itself, substance-specific metabolites in readily obtainable body fluid(s), or
excreta. Biomarkers of exposure to glyphosate are discussed in Section 3.3.1. The National Report

on Human Exposure to Environmental Chemicals provides an ongoing assessment of the exposure
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of a generalizable sample of the U.S. population to environmental chemicals using biomonitoring
(see http://www.cdc.gov/exposurereport/). If available, biomenitoring data for glyphosate from this

report are discussed in Section 5.6, General Population Exposure.

Biomarkers of effect are defined as any measurable biochemical, physiologic, or other alteration
within an organism that (depending on magnitude) can be recognized as an established or potential
health impairment or disease (NAS/NRC 1989). This definition encompasses biochemical or
cellular signals of tissue dysfunction (e.g., increased liver enzyme activity or pathologic changes in
female genital epithelial cells), as well as physiologic signs of dysfunction such as increased blood
pressure or decreased lung capacity. Note that these markers are not often substance specific.
They also may not be directly adverse, but can indicate potential health impairment (e.g., DNA

adducts). Biomarkers of effect caused by glyphosate are discussed in Section 3.3.2.

A biomarker of susceptibility is an indicator of an inherent or acquired limitation of an organism's
ability to respond to the challenge of exposure to a specific xenobiotic substance. It can be an
intrinsic genetic or other characteristic or a preexisting disease that results in an increase in
absorbed dose, a decrease in the biologically effective dose, or a target tissue response. If
biomarkers of susceptibility exist, they are discussed in Section 3.2, Children and Other

Populations that are Unusually Susceptible.

3.3.1 Biomarkers of Exposure

The presence of glyphosate in blood or urine is a reliable biomarker of exposure to glyphosate-containing
substances. Very small amounts of the glyphosate metabolite (AMPA) might be detected in blood or

uring; however, most absorbed glyphosate is excreted unchanged.

3.3.2 Biomarkers of Effect

No information was located regarding biomarkers of effect specific to glyphosate toxicity.
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3.4 INTERACTIONS WITH OTHER CHEMICALS

Surfactants such as POEA in glyphosate-containing products might enhance the toxicity of glyphosate;
results from one study indicate that the surfactant may be more acutely toxic than glyphosate or the

combination of glvphosate and POEA (Adam et al. 1997).
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CHAPTER 4. CHEMICAL AND PHYSICAL INFORMATION

4.1 CHEMICAL IDENTITY

Glyphosate is an organic acid composed of a phosphonomethyl and glycine component. The chemical
name for glyphosate is N-(phosphonomethyl) glycine. Glyphosate is a zwitterion with four distinct
dissociation constants (pKa values are depicted below) and exists as different ionic species depending on
the pH of its surroundings. Glyphosate is an amphoteric chemical and may react as an acid or a base

under certain conditions.

i i ? i i i i ?
HO’F,’\/H\)kOH == o0 *?\/H\)J\ = o"ﬁ’\/u\/J\ - o"',:\/H\/L == o Ff\/NH\/b\ -
OH 2 OH OH OH o] o) 2 [e] o* O

Glyphosate isopropylamine (Chemical Abstracts Registry Number [CASRN] 38641-94-0) is one of the
salt forms of glyphosate used in commercial herbicides employing glyphosate as an active ingredient.
This substance is registered as a pesticide by the EPA (1993) and is used to control broadleaf weeds and
grasses; in food and nonfood settings, flower gardens, lawns, turf, residential arcas, and forests; and along

roadsides.

Detailed information on the chemical identity of glyphosate and glyphosate isopropylamine is provided in

Table 4-1.

4.2 PHYSICAL AND CHEMICAL PROPERTIES

Detailed information on the physical and chemical properties of glyphosate and glyphosate

1sopropylammonium is provided in Table 4-2.
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Table 4-1. Chemical ldentity of Glyphosate and Glyphosate Isopropylamine?

Characteristic Information
Chemical name Glyphosate Glyphosate isopropylamine
Synonym(s) Glyphosphate; Glycine, N-(phosphonomethyl)-, compound

N-(phosphenomethyl) glycine; with 2-propanamine (1:1); glyphosate-
phosphonomethyliminoacetic acid; isopropylammonium; glyphosate
glyphosate acid mono(isopropylamine) salt; glyphosate-
mono(isopropylammonium);
N-(phosphonomethylglycine,
isopropylamine salt
Registered trade Pondmaster; Roundup Max; Roundup; Rondo; Rodeo; Glifonox; Glycel;
name(s) Glifoglex; Glycel; Muster; Rondo; MON-0139; CP 70139; Shackleb
Sonic; Spasor; Sting;
Tumbleweed; MON-0573;

CP 67573
Chemical formula C3HsNOsP CsHasNOsP.C3HoN
i O O O O
Chemical structure Ho\é’ H\)J\ Ho\,é’ H\)J\ HSCYCHS
~ ~~
HO OH HO OH NH,
CAS Registry Number 1071-83-6 38641-94-0

aAll information obtained from McBean (2011); O'Neil et al. (2013), and/or ChemIDplus (2017) unless noted
otherwise.
PEPA 1993.

CAS = Chemical Abstracts Service
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Table 4-2. Physical and Chemical Properties of Glyphosate and Selected Salts?

Property Glyphosate Glyphosate isopropylamine salt
Molecular weight 169.1 228.2
Color White White
Physical state Solid; crystals Powder
Melting point 230°C (decomposes) Two stages: 143-164 and189-223°C
Boiling point No data Decomposes without boiling
Density at20°C 1.705 1.482
Odor Odorless Odorless
Odor threshold:
Water No data No data
Air No data No data
Solubility:
Water at 25°C 12,000 mg/L 1,050,000 mg/L (pH 4.3, 25°C)

Organic solvent(s)

10,500 mg/L (pH 1.9, 20°C)

Insoluble in most organic solvents:

acetone, ethanol, and xylene

Dichloromethane 184 mg/L. at 20°C; methanol
15,880 mg/L at 20°C

Dissociation
constants:

pKa1 0.8; pKa: 3. pKas 6; pKas 11;
pKai® <2; pKazP 2.6; pKas® 5.6;
pKas 10.6

pKas 2.18 at 20°C (monophosphate);
pKaz 5.77 at 20°C (carboxylic acid)

Partition coefficients:

Log Kow <-34 -5.4
Log Koc 3.4-3.7 (Koc=2,600-4,900)° No data
Vapor pressure at ~ 9.8x10° 1.58x108

25°C

Henry's law constant

2.1x1012 atm-m3/mol at 25°CH

3.3x10-1% atm-m3/mol at 25°C¢

Autoignition No data No data
temperature

Flashpoint Not flammable No data
Flammability limits  No data No data
Explosive limits No data No data

2All information obtained from either McBean (2011) or O'Neil et al. (2013).

cGlass 1987.

bSprankle et al. 1975.

dEPI Suite 2012.
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CHAPTER 5. POTENTIAL FOR HUMAN EXPOSURE

5.1 OVERVIEW

Glyphosate has not been identified in any of the 1,832 hazardous waste sites that have been
proposed for inclusion on the EPA National Priorities List (NPL) (ATSDR 2015). However, the

number of sites evaluated for glyphosate is not known.

e  Occupational and residential exposure is a result of glyphosate’s use in agricultural, non-
agricultural, industrial, and residential settings. The highest potential for dermal, inhalation, and
ocular exposure is expected for pesticide applicators, farm workers, and home gardeners who
use herbicides containing glyphosate.

e The general population may be exposed to glyphosate via ingestion of crops, plants, and foods
with residues of this chemical. Residential exposure may occur via dermal contact or inhalation
through application of consumer products containing glyphosate or by coming into contact with
crops or soils on which glyphosate-containing products have been applied.

e Occupational exposure of glyphosate may occur via dermal contact or inhalation during
manufacture, transport, application, and disposal processes. Occupational exposure may occur
via dermal and ocular routes from accidental splashes during mixing, loading, and application of
herbicides containing glyphosate. Accidental oral exposure may occur via unintentiona